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ABSTRACT 

An  experiment  will  be  described  which  has  verified  for 
the  first  time  an  extension  of  the  reciprocity  calibration 
technique  to  reversible  thermal  transducers  in  superfluid 
helium.  A  plane-wave  resonator  of  circular  cross-section 
was  capped  at  both  ends  by  reversible  teflon  slit-elsctret 
diaphragms  to  generate  or  detect  thermal  waves.  The  reso- 
nator also  incorporated  a  heater  and  a  d.c-  biased  carbon 
resistance  thermometer  to  set  independent  upper  and  lower 
limits  on  the  thermal  excursions  within  the  resonator.  The 
temperature  excursions  measured  by  the  reciprocity  method 
fell  between  the  upper  and  lower  limits,  which,  for  lower 
modes,  were  separated  by  only  a  few  percent.  For  higher 
modes,  the  lower  limit  departed  from  the  upper  limit  due  to 
the  thermal  inertia  of  the  resistance  thermometer,  but  the 
reciprocity  result  remained  only  a  few  percent  below  the 
upper  bound  set  by  the  thermophcne  over  nearly  a  decade  in 
frequency.  The  "slit-eiec tret"  transducers  had  sensitivi- 
ties in  excess  of  100  V/ok,  and  temperature  oscillations  as 
small   as    10~io    ok/(Hz1'2)    were   detected. 
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I.    INTRODUCTION 

A.       CLASSICAL    RECIPROCITY 

Before  addressing  the  subject  of  this  thesis,  the  exten- 
sion of  the  acoustical  reciprocity  technique  to  thermal 
(second)  sound  in  superfluid  helium,  it  will  be  useful  tc 
review  the  development  of  the  classical  technique  which  has 
been  central  to  the  progress  of  acoustical  science  over  the 
last  fcr'-y  years.  The  specific  extension  of  these  ideas  to 
the  calibration  of  second  sound  transducers  in  suparfluid 
helium   will   be    treated   in  chapter   II. 

1  •      Reciprocity    Relations 

In  applying  the  Reciprocity  rnecrem  for  the  absolute 
calibration  of  microphones,  KacLean  [Ref.  1]  and  indepen- 
dently Cook  [Ref.  2],  have  demonstrated  that  it  is  possible 
to  determine  the  absolute  sensitivity  of  an  electroacoustic 
transducer  by  making  only  electrical  measurements,  without 
reference  to  a    primary  acoustic   standard. 

To  illustrate  the  technique,  consider  the  linear, 
passive,    four-pole    network    of    Figure    1.1. 


id). 


-»     <- 


K2) 


V(l) 


V(2) 


-o    > 


Figure  1.1        A   Linear    Passive   Four-Pole   Network. 


1 1 


The   system    response      can   be    descrioed   by      the   following    pair 
cf   linear  equations, 


V  (1)    =   a    i(1)     +   b    i(2) 


(eqn    1.1) 


V(2)    =   c    i(1)     *   d    i(2)    . 


(eqn    1.2) 


The  above  network,  whether  it  serves  to  model  an  acoustical, 
electrical,  mechanical,  electroacoustical  or  electromechan- 
ical   system,   will      satisfy      the   Reciprocity   Theorem    whenever 

b  =    ♦  c. 
Capacitive    microphones    were    used   in   this    experiment; 
therefore,      for    cur    purposes,      b   =      +c      in   equations    1.1    and 
1.2      [Hef.    3].         If      we   let      our   network      model   an      electro- 
acoustic     system   consisting      of      two    reversible      transducers 
(Figure    1.2)    then. 


V(1)    =   a    i(1)     ♦   b    i(2) 


(eqn    1.3) 


V  (2)    =    b    i(1)     +   d    i  (2)     . 


(egn    1.U) 


i<i) 


->  » 


o     <■ 


1(2) 


Figure  1.2   Transducers  1  and  2  Coupled  by  an  Acoustic  Field. 
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It  should  be  noted  that  equation  1.4  represents  the 
receiver,  or  microphone,  side  of  our  network,  while  equation 
1.3  represents  the  scurca,  or  speaker.  Also  note  that  c  =  b 
must    exist   since   our   transducers   are    electrostatic    devices. 

For  continued  compa tability  with  existing  literature 
concerning  the  Reciprocity  Theorem  by  Rudnick  [Ref.  4]  and 
Swift  [Ref.  5],  the  notation  of  MacLean  [Ref.  1]  will  also 
be   used   in   this    report: 

II   =   Sensitivity  as  a   microphone 
S  =   Strength   as   a    Source 
therefore, 

Mo    =   open   circuit    volts/pressure  at   mic  (eqn    1.5) 


Ms    =   short  circuit    current/pressure   at    mic  (eqn    1.6) 


So    =   pressure    at    mic/current   into   speaker  (eqn    1.7) 


Ss    =    pressure    at    mic/volts   across   speaker    .  (eqn    1.8) 

When  transducer  1  is  used  as  a  speaker  driven  by  a 
voltage  V(1)  and  a  current  i(1)  ,  and  when  transducer  2  is 
short   circuited,    equations    1.3    and   1.4   become 

V(1)    =   a    i(1)     ♦   b    i(2)  (eqn    1.9) 


0   =   b   i  (1)     ♦   d   i  (2)  (eqn    1.  10) 
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which   leads   to 

V(1)/i(2)    =   b    -    (ad/b)    .  (eqn    1.11) 

Zero      appears   at      the     left    side      of  equation   1.10      because 

transducer    2's    output  terminals   have  been   short   circuited. 

When  the      same   short   circuit  measurements      are    again 
made    on   our   network,      but  with    "the  roles   of   the    transducers 

reversed,    we  find  that  equations    1.3  and    1.4   now    yield 

0    =   a    i(1)    ♦    b   i(2)  (eqn    1. 12) 


V(2)  =  b  i(1)  ♦  d  i(2)  (eqn  1.13) 

which  leads  to 

V(2)/i(1)  =  b  -  (ad/b)  .  (eqn  1.14) 

From  equations  1.11  and  1.14  wa  see  that 

V(2)/i(1)  =  7(1) /i  (2)  ,       •  (eqn  1.  15) 

which  is  the  Helmholtz/Rayleigh  statement  of  the  Reciprocity 
Theorem  [Ref.  6].   By  equations  1.6  and  1.8 

i(2)  =  P(2)  Ms  (2)  (eqn  1.  16) 


P(2)  =  7(1)  Ss  (1)  (eqn  1.  17) 
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therefore 


i(2)  =  V(1)  Ss  (1)  Ms(2) 


(eqn  1.13) 


and 


[V(1)/i(2)  ]  =  [Ss(1)  Ms(2)  ]-» 


(eqn  1.19) 


Similarly 


[  V(2)/i(1)  ]  =  [Ss(2)  Ms(1)  ]-i 


(eqn  1.20) 


Using  equation  1.15  «e  obtain 


Ss(2)  Ms(1)  *  SS(1)  Ms  (2) 


(eqn  1.21) 


which   finally   leads    to 


Ms(2)/Ss(2)     =    Hs(1)/Ss(1)     . 


(eqn    1.22) 


When  a  similar  analysis  is  performed,  using  equa- 
tions 1.5  and  1.7  (microphone  output  terminals  open)  we  see 
that    [Hef.    1], 

Mo  (1)/So  (1)     =   Mo  (2)/So(2) 

=   Ms  (2)/Ss(2) 


=   Ms  (1)/Ss(1)     . 


(eqn    1.23) 
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Therefore,  the  ratio  of  a  transducer* s  sensitivity 
as  a  microphone  to  it's  strength  as  a  source  is  dependent. 
only  en  the  properties  of  the  space  through  which  the  sound 
must  propagate.  It  should  be  noted  that  no  mention  of  reso- 
nator geometry  has  been  made,  and  in  fact,  the  above  ratios 
are  independent  of  the  physical  aspects  of  the  resonator 
[Ref.  4],  or  any  other  geometric  boundary  condition. 

If  we  let  both  transducers  be  identical  and  ideal1 
then  Mo(1)  =  Mo  (2)  and  we  can  define 

Mo/So  =  1/Z  (eqn  1.24) 

where  "Z"  is  the  quantity  which  characterizes  the  acoustic 
geometry,  and  has  the  units  of  acoustical  impedance. 

From  the  open  circuit  receiver  case  where  i(1)  is 
used  to  drive  side  1  and  the  output  of  side  2  is  V(2),  then 
equations  1.5  'and  1.7  yield 

V(2)/i(1)  =  So(1)  Mo(2)  .  (eqn  1.25) 

Multiplying  the    right  side    of    equation    1.25   by    (Mo (2) /Mo(2) ) 

and    using   equation    1.24    yields 

V(2)/i(1)     =    Z     (Mo)  2  (eqn    1.26) 


or 


Mo    =    [V(2)/(i(1)     Z)]i/2    .  (eqn    1.27) 


*The  transducer  is  small  compared  to  a  wavelength  of 
sound  and  is  so  non-compliant  that,  as  a  microphone,  it's 
presence  at  a  point  within  the  sound  field  will  never  affect 
the  sound  pressure  at  that  point.  When  used  as  a  speaker 
it's    volume   velocity    is   independent   of   the    acoustical   load. 
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This  says  that  once  the  acoustical  impedance  Z  is  deter- 
mined, the  absolute  sensitivity  of  our  identical  and  ideal 
transducer  can  be  calculated  from  aquation  1.27. 

2 .   Acoustical  Transfer  Impedance 

To  investigate  the  parameter  Z  we  first  drive  the 
ideal  transducer  of  side  1  with  voltage  V(1)  and  current 
i(1).   A  volume  velocity  u*(1)  will  appear  at  the  speaker  and 

V(1)  =  a  i(1>  ♦  B  0(1)  (eqn  1.28) 


P(1)  =  B  i(1)  ♦  D  U(1)  =  0  (eqn  1.29) 

where   P(1)    is  the   pressure    at  the   source.         Here,    P(1)       must 
be    equal  to   zero   since   no  external   pressure   is  being  applied 

to    transducer    1    and    the   ideal  source   cannot    "feel"    it's   own 

generated      pressure.  With  transducer        2      as      the      short 

circuited   microphone    we    find 

V(2)    =   a    i(2)     ♦    B    U  (2)    =    0  (eqn    1.30) 


P(2)     =    B    i(2)     ♦   D    U(2)  (eqn    1.31) 

where  P  (2)     and    U  (2)     are  the  pressure    and   volume   velocity. 

From  equations    1.28  to    1.31    it   is   clear   that 

V(1)/U(1)    =   B    -    (aD/B)  (eqn    1.32) 


P(2)/i(2)    =    B    -    (aD/B)     .  (eqn    1.33) 
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Therefore,    we   obtain    the   following  ratios 


P(2)/i(2)    =   V(1)/U(1)     . 


(egn    1.34) 


Utilizing   equations    1.6,    1.8    and    1.24    results   in 


Z    =    P(2)/D(1)      =    S(1)/M(1) 


(egn    1.35) 


Therefore,  Z  represents  the  acoustical  transfer  impedance 
(units  =  gm/cm*-sec)  relating  the  acoustic  pressure  at  the 
microphone    to   the   volume   velocity   at    the   speaker. 

3 .      Reciprocity    Calibration 

With  the  parameter  Z  now  defined  by  equation  1.35  it 
is  possible  to  use  equation  1.27  to  determine  our  ideal 
transducer      sensitivities.  The      parameter   Z      takes      on      a 

variety   of    forms   depending    on      the   geometry  of  the   resonator 
[Ref.    4].  For      the      plane-wave   rssonator      of      figure      1.3 

equation    1.27   becomes 


Mo    =   [  V(m)/(i  (s)     Z)  ]*  /2    . 


(eqn    1.36) 


I(S) 


>  » 


Figure    1.3        Plane-wave    Resonator. 
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Notation 

TABLE    I 

for   Determining   Z 

varia 

bl§ 

m eaninq 

A 

cross-sectional   area 

C 

sound   speed 

E 

energy 

i. 

frequency   of  n-th   mode 

<? 

medium    density 

L 

resonator   length 

n 

mode   number 

P 

pressure    (rms) 

Q 

quality   factor 

V 

velocity    (rms) 



The  determination  of  the  acoustical  transfer  impe- 
dance Z  for  our  resonator,  using  tha  no-cation  of  Table  I,  is 
as   follows: 

E(stored)    -   <    KE (max)    >  =    1/2    (?ALV2)  (eqn    1.37) 

and    since   P   =?CV  and  L   -  nC/2f   then, 

E  (stored)    =    (nAP*/4?Cf)  (eqn    1.38) 

and      since    power      radiared    is     the   produce      of  the      in-phase 
pressure   and  volume    velocity,    then 

E (lost/cycle)     =  PO/f    .  (eqn    1.39) 
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Ey    definition  [Ref.    7], 

Q  =  2 it  E  (stored) /3  (lost  per  cycle)  (egn  1.40) 
then    we   have 

Q    =    (P/0)  (Amr/2<?C)     .  (eqn    1.41) 

Combining   equations    1.35   and    1.41    yields  [Ref.    4]r 

Z    =    (2?CQ)/(Amt)  (eqn    1.42) 

By  direct  substitution  of  equation  1.42  into  equa- 
tion 1.27  we  finally  obtain  a  viable  method  of  establishing 
the    absolute  sensitivities    of   our   ideal    transducers: 

Mo    =    10-7  /2[  (V  (m)  /i(s)  )  (AnV2Q<iC)  J1  '*  (eqn    1.43) 

The  factor  10-7'2  occurs  if  the  electrical  parameters  are  in 
units  of  volts  and  amps  and  the  mechanical  parameters  are  in 
cgs    units. 

So  the  acoustical  transfer  function  Z  can  be  deter- 
mined using  both  measured  values  of  Q  and  A  as  well  as  the 
§  R£i££i  quantities  ?  and  C.  Armed  with  this  information, 
we  can  now  use  equation  1.43  to  conduct  a  calibration  of  our 
transducers   using  the  Reciprocity   Theorem. 

The  reciprocity  calibration  requires  two  sets  of 
measurements  to  be  taken  on  the  acoustical  plane-wave  reso- 
nator of  Figure  1.4.  The  dimensions  of  the  transducers  T,  S 
and  M  and  the  lateral  dimensions  of  the  resonator  are  small 
compared  to   the    acoustic   wavelength. 

The  actual  resonator  of  our  experiment  consisted  of 
a  brass  tody  and  "slit"  electret  transducers.  More  will  be 
said    about    cur    experimental    resonator    in   chapter    III. 
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Figure    1.4       Plane-wave   Resonator   for   Reciprocity   Calibration 

For  the  first  set  of  measurements,  the  reversible 
transducer  T  is  driven  at  a  resonant  frequency  of  the 
chamber.  The  driving  voltage  V  (1)  and  current  1(1)  are 
measured  and  again,  as  in  equations  1.28  and  1.29,  the 
system   response    is 

v  (1)    =   a   i(l)    ♦    3    U(1) 

0    =    B    i(1)     +    D    U(1)     . 

The  open  circuit  voltage  V ( m)  at  receiver  M,  used  here  only 
as  a  microphone,  is  also  recorded  (refer  to  Figure  1.5). 
This  voltage  corresponds  to  the  pressure  P  at  the  ends  of 
the  chamber.   From  eguation  1.35  we  know 


P  =  Z  U(1) 


(eqn  1.44) 
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Figure    1-5       Reciprocity  Calibration:    first  measurement  set. 

For  the  second  set  of  measurements  (refer  to  Figure 
1.6)  speaker  S  is  driven  with  sufficient  current  i(s)  to 
again  produce  V(m)  at  receiver  M.  This  now  ensures  that  the 
acoustic  pressure  P  has  been  reproduced  within  the  chamber. 
The  short  circuit  current  i  (2)  is  measured  first,  giving  us 
equations    1.30    and    1.31 

0    =    a   i(2)     ♦    B   U  (2) 


P    =3i(2)     +    D    U  (2)     . 

Finally,  the  open  circuit  voltage  V(2)  is  measured  resulting 
in, 


V(2)  =  B  0(3) 


(egn  1.45) 


P  =  D  U(3) 


(egn  1.46) 
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where  0(3)   is  the  volume   velocity  which  corresponds  to  th< 

"open  circuit"  voltage  at  the  receiver  T. 
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Figure    1.6        Reciprocity  Calibration:    second   measurement  set. 

The  above  equations  1.28  to  1.31  and  equations  1.44 
to  1.46  form  a  set  cf  seven  simultaneous  equations  in  the 
seven  unknown  quantities  a,  B,  D,  U(1),  U  (2)  ,  U  (3)  ,  and  P. 
The  equations  can  be  combined  to  yield  the  following 
expressions  [Ref.    5]   for  P, 

P2=    |V(1)    i(2)    Z| 

P2=    |V(2)    i(1)    Z|     . 

Therefore,  the  sensitivities  of  microphone  a  and  revers- 
ible transducer  T  are  given  by  the  following  set  of  equa- 
tions (Note  that  the  reciprocity  calibration  has  been 
accomplished  without  reference  to  a  primary  standard  and 
with  only  easily  obtainable  electrical  and  geometric 
measurements)  , 

Sens  (H)  =  V  (m)/P 

Sens(T)  =  V(2)/P  . 
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B.       HISTORY   OF    SUPERFLUIDITY 

Now  for  a  fundamental  loo*  at  our  experimental  medium 
liquid   helium.  Probably    it's   strangest      characteristic   is 

its  apparent  ability  to  remain  in  a  liquid  state,  under  its 
own  vapor  pressure,  when  temperature  is  reduced,  and  with  an 
apparent  preference  to  stay  that  way  right  on  down  to  abso- 
lute zero.  lo  produce  the  solid  phase  requires  application 
of   a    high   pressure,    25  atmospheres  or   more    (Figure    1.7). 

The  reluctance  of  helium  to  solidify  results  from  a 
combination  of  two  factors:  (1)  the  extremely  weak  van  der 
Waals  force  between  the  atoms  and  (2)  their  low  mass.  The 
forces  are  weak  because  of  the  simplicity  and  symmetry  of 
the  helium  atom  with  its  closed  shell  of  two  electrons  and 
the  absence  of  dipole  moments  for  its  nucleus.  The  effect 
of  the  low  mass  is  to  ensure  a  high  value  of  zero-point 
velocity.  To  see  this,  consider  an  atom  in  the  liquid  as  a 
free  particle  located  in  a  small  "cage"  formed  by  the 
adjacent   atoms. 

The  total  zero-point  energy  per  mole  of  the  lowest  state 
is  then  [Ref.  8]  (Nh2/8m)  (4TT/3 V)  z  /3#  where  m  is  the  mass  of 
the  atom,  V  is  the  molar  volume  of  the  cage,  h  is  Planck's 
constant  and  N  is  Avogadro* s  number.  At  absolute  zero  the 
total  energy  of  the  liquid  is  just  the  sum  of  the  potential 
and  zero-point  energies,  and  London's  [Ref.  8]  estimate  for 
this  zero-point  energy  (assumed  to  be  the  same  for  both 
solids  and  liquids)  indicates  that  it  is  lowest  at  a  molar 
volume  of  approximately  30cm3.  London  then  showed  that  at 
such  a  volume  liquid  helium  has  a  lower  energy  then  it  does 
as  a  solid;  therefore,  it  is  in  a  suable  form  as  a  liquid  at 
absolute   zero. 

Helium  has  the  lowest  boiling  point  of  all  known 
substances.  For  He4  it  is  4.2  °K  at  STP.  Between  this 
temperature     and        2.172      °K   this     liquid      behaves      like     an 
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ordinary  fluid.  But  as  the  temperature  is  lowered  it  trans- 
forms into  a  second  fluid  phase  which  exhibits  very 
different   dynamical    properties. 

During  early  experimentation  it  was  found  that  a  plot  of 
the  specific  heat  of  liquid  helium  versus  temperature  indi- 
cated a  sudden  discontinuity  at  a  temperature  of  about 
1%=  2.17  OK.  This  temperature  is  often  called  the  lambda 
temperature  due  to  the  similarity  of  the  shape  of  the 
specific  heat  curve  to  the  Greek  letter  "lambda".  There  is 
an  abrupt  change  in  all  the  properties  of  liquid  helium  at 
the  lambda-point.  This  change  is  known  as  the  lambda  tran- 
sition. A  very  important  point  to  be  brought  out  at  this 
time  is  that  the  region  above  the  lambda-point  is  referred 
to  as  helium  I  (He  I)  and  the  region  below  as  helium  II 
(He    II)  . 

The  difference  in  behavior  is  visibly  apparent  when 
observing  a  dewar  vessel  of  liquid  He4  which  is  cooled 
through  the  iambda-pcint  by  boiling  under  reduced  pressure. 
In  the  He  I  region,  the  liquid  is  greatly  agitated  by 
bubbles  of  vapor  which  form  throughout  the  liquid  and 
eagerly  escape  the  surface.  Yet,  immediately  as  the 
lambda-point  is  passed,  the  liquid  becomes  extremely  calm 
and  no  mere  bubbles  are  formed.  Below  the  transition  temp- 
erature the  liquid  refuses  to  boil.  As  pointed  out  earlier, 
liquid  helium  has  many  unusual  properties,  one  of  which  is  a 
very  high  thermal  conductivity  and  this  is  the  cause  for  the 
absence   of      boiling    below      the    lambda-point.  If   a      bubble 

forms  below  the  surface  of  the  liquid,  the  pressure  inside 
the  bubble  must  be  greater  than  the  vapor  pressure  above  the 
surface  by  an  amount  equal  to  the  hydrostatic  pressure  head 
plus  the  surface  tension  pressure.  Vapor  at  this  increased 
pressure  cannot  be  formed  from  the  liquid  unless  the  temper- 
ature of  the  fluid  below  the  surface  is  higher  than  the 
temperature   at    the    surface. 
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The  thermal  conductivity  of  He  II  is  so  large  that  such  a 
temperature  gradient  cannot  be  set  up,  and  so  the  boiling 
(agitation)  is  prevented  and  all  of  the  evaporation  tak=s 
place   at   the  surface. 

That  something  strange  happens  to  liquid  helium  below 
this  lambda  temperature  was  also  noticed  by  Kamerlingh  Onnes 
as  early  as  1911  [ Hef .  9].  He  found  that  when  the  liguid 
was  cooled  below  this  mysterious  temperature  it  starts 
expanding  instead  of  continuing  to  contract,  thus  deviating 
from  the  behavior  of  most  substances.  Almost  30  years  later 
Allen  and  Misener  [Ref.  10]  and  Kapitza  [Hef.  11]  found  that 
at  these  low  temperatures  liquid  helium  could  flow  through 
narrow  capillaries  (about  10_*cm  in  diameter)  with  no  meas- 
ureable  resistance.  This  observation  led  Kapitza  to  refer 
to   the   liquid   as   a    "superfluid". 

Superfluid  seems  an  appropriate  name  for  this  unique 
substance  since  measurements  of  flow  have  been  made  of  He  II 
passing  through  very  fine  cracks  and  extremely  narrow  slits 
and  capillaries,  which  for  normal  liquids  are,  in  effect, 
impassable.  Liquid     helium   can      overcome      such      obstacles 

freely  even  without  requiring  a  noticeable  pressure  differ- 
ence, and,  strangely  enough,  it  seems  to  leave  its  entropy 
behind. 

The  superfluid  flow  phenomenon  leads  one  to  question  the 
viscosity      of      He  II.  Measurements      by      Kaesom      and     Ende 

[Ref.  12]  of  flow  through  the  aforementioned  capillaries 
seem  to  indicate  that  the  viscosity  of  He  II  is  106  times 
less  than  that  of  He  I;  however,  measurements  of  the 
viscosity  by  Keeson  and  MacWood  [Ref.  13]  using  the  rotating 
disk  showed  that  the  viscosity  of  liquid  helium  below  the 
lambda-point,  although  it  decreased  with  decreasing  tempera- 
ture quite  considerably,  nevertheless  varies  continuously 
and  is  certainly  not  very  different  from  the  viscosity  of 
He   I.  When      Allen/Misene r      and        Kapitza      reported      their 
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measurements  based  on  the  capillary  flow  method,  it  showed 
the  viscosity  of  liquid  helium  dropping  by  many  orders  of 
magnitude  to  an  immeasureab ly  small  value  when  the  tempera- 
ture was  lowered  through  the  lambda-point-  The  apparent 
contradiction  between  Keesom/MacWood  and  Allen/Misener  and 
Kapitza  is  really  no  contradiction.  The  former  was  merely 
observing  the  effects  of  the  "normal  fluid"  component  of  the 
helium  solution  while  the  latter  was  observing  the  affects 
of  the  "superfluid"  component.  This  two  fluid  concept  will 
be   discussed  in    the    next  section. 

Although  liquid  helium  has  been  used  in  experimental 
laboratories  for  many  years  as  a  refrigerant,  its  unique 
behavior  and  unusual  properties  were  not  realized  until  the 
early    1930* s. 

One  of  the  most  unusal  features  of  He  II  is  that  varia- 
tions of  temperature  propagate  through  the  liquid  not 
according  to  the  usual  Fourier  equation,  but  as  a  true  wave 
motion  whose  velocity  is  independent  of  the  frequency. 
These  temperature  waves  are  entirely  analogous  to  ordinary 
sound  waves,  except  that  the  thermodynamic  variables  are 
temperature  and  entropy  and  not  pressure  and  density. 
Therefore  we  can  excite  temperature  waves  with  a  heater  in  a 
resonance  tube,  and  pickup  standing  waves  using  a  thermom- 
eter as  a  detector.  This  very  unusual  type  of  heat 
propagation   is    known   as   second   sound    [Ref.    14]. 

A  very  strange  phenomenon  was  discovered  in  1938  by 
Allen  and  Jones  [Ref.  15].  They  were  interested  in  helium 
conductivity  measurements  and  what  they  observed  was  truely 
unexpected.  The  experiment  consisted  of  a  reservoir  and  a 
smaller  vessel,  both  filled  with  liguid  helium  and  connected 
by  a  very  fine  capillary.  The  set  up  is  shown  in  Figure 
1.8. 

When  heat  was  applied  to  the  inner  vessel,  they  observed 
that  the  inner  heliui  level  rose  slightly  above  that  of  the 
reservoir. 
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Figure  1.8   Fountain  Effect, 
29 


In  a  subsequent  experiment,  using  a  narrower  inner  vessel, 
they  observed  a  jet  of  liquid  helium  rising  from  the  upper 
end  of  this  narrow  vessel  to  a  height  of  several  centime- 
ters. This  became  known  as  the  "fountain  effect",  or 
thermcmechanical  effect. 

What  Allen  and  Jones  demonstrated  is  that  you  cannot 
trust  intuition  to  predict  the  behavior  of  liquid  helium. 
In  the  fountain  effect,  contrary  to  expectations,  the  heat 
current  goes  in  a  direction  just  opposite  to  the  helium 
current.  It  would  seem  that  in  liquid  helium,  heat  and  mass 
transfer  are  strongly  joined.  The  inverse  of  this  fountain 
effect,  or  the  mechanocaloric  effect,  predicted  by  Tisza 
[Ref.  16]  and  discovered  by  Daunt  and  Mendelssohn  [Ref.  17], 
consisted  of  allowing  liquid  helium  to  gravity  flow  out  of 
its  container  through  a  capillary  filled  with  a  fine  emery 
powder.  As  a  result,  the  temperature  of  the  liquid  above 
the  capillary  rose  while  the  temperature  of  the  liquid 
helium  below  the  capillary  dropped.  ,  What  this  implies  is 
that  the  liquid  which  passed  through  the  capillary  is 
different  than  the  bulk  liquid  in  the  container  from  which 
it   came.  Again,       this   alludes   to      the   existance   of      a   two 

fluid  behavior,  where  one  is  capable  of  passage  through 
restricted  areas  while  the  other  is  not,  and  the  thermal 
properties   of   these    two  components  are    very   different. 

C.       TWO-FLUID    MODEL 

It  should  be  pointed  out  at  the  onset  that  the  phenome- 
nological  picture  known  as  the  "two-fluid  model"  is  able  to 
correlate  the  unusual  properties  of  He  II  with  the  thermody- 
namic functions  as  long  as  the  heat  and  mass  currents  are 
not  too  large.  This  requires  that  we  deal  with  heat  fluxes 
that  are  linearly  proportional  to  the  temperature  gradients. 
Even  in  this  linear  region  the  heat  flow  is  far  greater  than 
that    observed  in   other   substances. 
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As  mentioned  in  the  previous  section,  two  methods  were 
used  to  determine  the  viscosity  of  He  II.  One  consisted  of 
measuring  the  viscous  resistance  to  flow  (Keesom/Ende)  and 
the  other  the  viscous  drag  on  a  body  moving  in  the  liquid 
(Keesom  and  MacWood)  .  These  two  methods  produced  two  seem- 
ingly different  results  that  would  indicate  He  II  is  capable 
of  being  both  viscous  and  non-viscous  at  the  same  time. 
This  apparent  contradiction  is  the  basis  of  the  two-fluid 
model,  first  suggested  by  Tisza  [Ref.  16].  It  is  in  terms 
of  this  model  that  iiany  of  the  properties  of  He  II  can  be 
explained. 

The  two-fluid  model  proposes  that  helium  II  behaves  as 
if  it  were  a  mixture  cf  two  fluids  freely  intermingling  with 
each  other  without  any  viscous  interaction.  The  two  parts 
are  referred  to  as  the  normal  fluid  and  superfluid  compo- 
nents. This  does  not  imply  that  it  is  a  mixture  of  two  real 
physical   fluids.  The   liquid   is      an   assembly  of      He*    atoms 

which  are  all  identical,  so  that  it  is  not  possible  to 
regard  seme  atoms  as  belonging  to  the  normal  fluid  and  the 
remainder   to  the   superfluid. 

The  assumptions  cf  the  model  are  very  important.  Below 
the  lambda-point  liquid  helium  is  capable  of  two  different 
motions  at  the  same  time.  Each  of  these  has  its  own  'local' 
velocity  denoted  Vn  and  Vs  respectively  for  the  normal  fluid 
and  the  superfluid.  Furthermore,  each  has  its  own  effective 
mass  density,  ?^  and  ?s  .  The  total  density  ?  of  the  He  II 
is   therefore  given    by 

<?    =     ?*.   "*•    ?s  (eqn    1.47) 

and    the   total   current  density    by 

J   ■*«.▼«.   ♦      %%     •  (eqn    1.48) 
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It  is  important  to  note  that  since  the  superfluid  flow 
has  no  viscosity  it  therefore  dees  not  involve  dissipation 
and  is  truly  thermodynamicaliy  reversible.  The  normal  fluid 
flow  does  have  viscosity  and  undergoes  dissipation,  but  only 
at  a  rate  proportional  to  the  gradient  of  its  velocity 
according  to  Landau    and   Lifshitz   [Ref.    14]. 

London  [Ref.  18]  always  believed  in  the  macroscopic 
nature  of  liguid  helium.  He  drew  attention  to  the  fact  that 
the  behavior  of  liquid  helium  could  at  least  be  understood 
in  terms  of  Bose-Einstein  condensation.  Simply  stated,  3-2 
condensation  maintains  that  at  a  critical  temperature 
(lambda-point  for  liguid  helium)  a  macroscopic  fraction  of 
an  ideal  quantum  gas's  molecules  condense  into  the  same 
single      partical   quantum      state    (the      ground   state).  This 

fraction  is  1Q0%  at  T-  absolute  zero  and  vanishes  at  the 
lambda-      point      temperature      for        liquid      helium.  London 

hypothesised  that  liquid  helium  could  in  fact  fit  the  quali- 
tative features  of  the  B- E  condensation  mechanism,  even 
though  it  is  not  an  ideal  gas,  due  to  its  discontinuity  of 
character  at  the  lambda-point.  Tisza  stated  that  the  B-E 
condensed  particles  correspond  to  the  superfluid  component 
while  the  remaining  excited  particles  correspond  to  the 
normal  fluid.  Furthermore,  a  single  discrete  momentum  state 
would  mean  that  there  is  no  continuous  reduction  of 
momentum,      which      would   imply      zero    viscosity.  The   normal 

component  then  carries  all  of  the  entropy  and  is  expected  to 
have  a  viscosity  comparable  to  that  of  He  I.  The  fraction 
of  the  fluid  which  is  in  the  superfluid  state,  %  / 9  ,  is 
expected  to   increase   as   the    temperature    is    decreased. 

It  should  be  clear  that  this  model  contains  an  explana- 
tion of  the  viscosity  paradox.  In  the  capillary  flow  exper- 
iment only  the  superfluid  is  mobile  so  the  liquid  exhibits 
no  viscosity.  The  damping  of  the  rotating  disk  was  due  to 
the    drag     exerted  by      the  normal      component.        The      observed 
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decrease  in  the  damping  as  the  temperature  decreased  is 
attributed  in  part  tc  the  decrease  in  the  amount  of  normal 
fluid   available. 

D.       FIfiST    AND   SECOND    SOUND 

That  in  liquid  helium  a  new  kind  of  wave  propagation 
should  be  possible,  was  predicted  by  Tisza  [Ref.  16].  He 
suggested  that,  there  should  be  the  pressure  wave  of  ordinary 
sound  where  the  two  components  move  in  phase  with  each 
other.  Additionally,  there  should  be  another  wave  in  which 
the  motion  of  the  two  components  are  180  degrees  out  of 
phase.  This  second  wave  would  be  a  compression  wave  of 
entropy  accompanied  by  periodic  flucuations  of  the  tempera- 
ture, and  the  mass  density  would  remain  almost  constant. 
This  new  wave  would  have  to  be  excited  by  periodic  heating 
of  the  fluid  and  the  consequence  would  be  that  entropy 
density  and  temperature  could  be  zhe  oscillatory  parameters 
in   a    wave  equation. 

For   ordinary   sound  the    conservation   of   mass   gives   us 

iZ^/dt)    ♦   div    J  =    0  (eqn    1.49) 

where  J  is  the  center  of  mass  momentum  (equation  1.48),  and 
from    the   linearize-inviscid    Euler  equation    of   hydrodynamics 

Qj/^t)    ♦  grad   P   =   0   .  (eqn    1.50) 

Eliminating  J   leads   to 

(d2?/^t2)     -V2?    =    0  (eqn    1.51) 

and  for  adiabatic  processes , 

(^2^t2)  -  GP/as)s  v2p  =  °  • 
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This    is     the  ordinary  sound      equation,      a   wave     equation   for 
mass    density  or    pressure   wave,    whers 

0(1)2    =    (dP/d^)s  (eqn    1.52) 

is   the  square   of   the    ordinary   sound    velocity. 

For  the  development  of  the  wave  equation  for  thermal 
waves  we  follow  the  derivation  of  Gogate  and  Pathak 
[Ref,  19]  but  still  neglect  non-linear  terms  and  confine 
ourselves  once  again  to  the  reversible  process.  Starting 
with    the   equation   for  the  conservation   of   entropy 

Q<?S/^t)     ♦  div  (^S    VO    =  0  (eqn    1.53) 

which   explicitly      contains    the      assumption    that      the   entropy 
flow    follows  the   normal    fluid. 

The  kinetic  energy  density  of  this  two-fluid  system  can 
be   expressed  as 

E    =     (1/2)   (  ?^  V,2    +     ?s    Vfc2)  (eqn    1.54) 


E    =     (1/2?)  (  \VK    +?$VS)2    +    E"  (eqn    1.55) 

where      E«  -    (  ^  %/2  ?)  (%  -V^  )  2    . 

The  term  E"  is  called  the  kinetic  energy  of  internal 
convection  while  the  first  term  is  considered  to  be  the 
kinetic   energy    of   the  actual   mass  transfer. 

If   work   is    done    reversibly      by   transferring  the   heat    (Q) 
from      temperature        T     to         (T-dT) ,        the        second      law        of 
thermodynamics    requires   that   work    (H)    be   expressed   as 

W  =     (QdT)  /T   . 
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Considering    a     thin  layer   of      helium   of   thickness      dx   in 
which   the  temperature   varies   by  dT,    the    heat    current   becomes 

q    =  ?  ST    VA  (eqn     1.56) 

and  is  assumed  to  propagate  perpendicularly  through  the 
layer.  It  carries  the  heat  (qdt)  through  a  square  centi- 
meter of  the  layer  in  a  finite  time  (dt) .  As  stated 
earlier,    this   process   must    be    reversible,    therefore    the   work 

q(dt)  (dT/T)     =  ?3»V*.    dT     (dt) 
has   to      be   done.  Tisza   proposed  that      this    work      would   be 

required   to   change    the   kinetic   energy   of   internal   convection 
(E")     per   unit  area    of  the   layer   of  thickness   dx: 

dE"»(dx)     =  -?S   \     dT    (dt)  (eqn    1.57) 

or 

dE"/dt   =    -?S  (V^  •   grad   T)     .  (eqn    1.58) 

Due   to   the      fact    that   the   thermal      expansion    coefficient 
is   so   small   we    can    say  that    for   thermal   oscillations 

J    *    ?*   V*    ♦    ??    Vs     =0  (eqn    1.59) 

and 

df/dt   ■   0    ,  (eqn    1.60) 

which   yields 

B"    ■    (?  ?*/2f.  )     V.  (eqn    1.61) 
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Substituting  equation   1.61    into  equation    1.58   we    see   that 
<?   W    V^MdV^/dt)     =  -?S(VA  •  grad   T)  (eqn    1.62) 


or 


(dV^/dt)    +    (fs/f^)S  grad    T   =   0    .  (eqn    1.63) 

We  consider  terms  like  v"A  ,  grad  T,  grad  S,  ds/dt,  etc., 
as  small  of  first  order,  and  neglect  products  cf  any  two  of 
these  quantities.  This  allows  us  to  eliminate  Vn  in 
equations  1.53  and  1.63  and  get 

(d2S/at2)  -  ($s/tv)S*  div  (grad  T)  =  0  .        (eqn  1.64) 

When  the  process  occurs  at  constant  pressure  then  we  are 
left  with  a  very  interesting  equation  which  does  have  a 
familiar   "form", 

(Cp/T)  02T/at2)    -     (VSJS2    div(grad   T)     =   0.       (eqn    1.65) 

This  is  a  wave  equation  for  the  temperature.  The  same  equa- 
tion also  holds  for  the  entropy  (S)  .  When  we  compare  this 
equation  to  that  for  ordinary  sound  we  are  struck  by  the 
similarity  in  format.  Therefore,  we  know  that  the  propaga- 
tion   velocity   for  these   thermal   waves   can    be   expressed    as 

0(11)2    =    (?4/?n)[S2   T/Cp]    .  (eqn    1.66) 
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E.       OUTLINE   OF    EXPERIMENT 

This  experiment  enables  us  to  obtain  the  absolute  sensi- 
tivities of  thermal  transducers,  in  situ.  A  cylindrical 
plane-wave  resonator  has  been  constructed  which  is  closed  at 
either  end  by  capacitive  porous  diaphragm  transducers 
[Ref.  20]-  In  addition,  one  end  also  has  an  acoustically 
transparent  "spiral  web"  electrical  heater  (thermophone)  and 
the  other  end  has  a  low  mass  carbon  composition  electrical 
resistance  thermometer.  »  A  figure  of  the  resonator,  and  its 
components,    is    shown    below. 


rlectrostat  ic 


Transducer 


Electrostatic 


Transducer 


Heater 


Thermometer 


Figure   1.9        Schematic    of   Experimental  Resonator. 

At  a  variety  of  temperatures  the  following  procedure  was 
used  tc  calibrate  one  of  the  three  reversible  transducers 
(two    electrostatic,       one   resistive).  The   transducer    to   be 

calibrated  (designated  R  for  reversible)  will  be  driven  at 
resonance  with  current  I  and  used  as  a  speaker.  One  of  the 
other  two  reversible  transducers  will  be  used  as  a  micro- 
phone (M)  to  determine  the  resonant  frequency  f(n)  and  Q  (n) 
of  the  n-th  plane-wave  resonance.  Then,  while  monitoring 
the  output  of  H,  a  third  transducer  will  be  driven  at  f  (n) 
until  the  output  of  M  is  again  the  same  value  observed  when 
R  was  being  used  as  the  source.  In  this  way  the  sound  field 
has  been  recreated.  The  open  circuit  voltage  of  R  will  then 
be   recorded. 
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This  will  be  sufficient  to  de-carmine  the  sensitivity  of 
R  at  f(n)  from  the  reciprocity  relation  and  known  thermody- 
namic parameters  [Ref.  21].  A  comparison  of  the  output 
voltages  of  the  other  two  reversible  transducers  to  the  now 
calibrated  third  transducer  will  determine  their  sensi- 
tivity. It  is  then  possible  to  repeat  the  reciprocity 
sequence  using  one  of  the  other  reversible  transducers  and 
in  that  way  make  a  "round  robin"  consistency  check.  This 
was  done  at  a  variety  of  temperatures  for  several  plane-wave 
resonance   modes. 

To  determine  whether  the  reciprocity  results  are  both 
consistent  and  absolutely  correct,  it  is  necessary  to 
compare  the  calibrations  obtained  by  the  above  procedure 
against   a   "primary"    standard.      This   is   done   in  two    ways: 

(1)  Knowing  the  electrical  power  being  generated  in  the 
heater  and  the  resonance  Q,  the  theory  of  superfluidity 
allows  us  to  calculate  the  second  sound  amplitude  in  the 
resonator  [Ref.  22]  if  we  assume  all  of  the  heating  (at 
twice  the  frequency  of  the  driving  current)  results  in 
the  generation  of  second  sound.  Although  most  of  the 
oscillating  energy  appears  as  second  sound,  a  small 
fraction  will  leak  out  along  the  electrical  leads  and 
therefore  the  sound  amplitude  obtained  in  this  way  will 
oe  an   upper    bound. 

(2)  The  carbon  resistor,  biased  with  a  constant  current 
source  I(o),  will  generate  an  oscillating  voltage  of 
amplitude 

Jv  =  (dR/dT) Jr  1(b) , 
where  $T  is  the  amplitude  of  the  temperature  oscilla- 
tions generated  by  the  second  sound  resonance  [Ref.  23]. 
Since  (dR/dT)  can  be  determined  in  a  static  calibration, 
the  finite  frequency  effects  due  to  the  thermometer  heat 
capacity  and  thermal  conductance  and  Kapitza  resistance 
will  make  the  sound  amplitude  measured  in  this  way  a 
lower   bound. 
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The  sensitivities  of  the  above  transducers  are  expected 
to  fall  within  the  upper  and  lower  bounds  if  the  reciprocity 
method  is  correct.  »e  will  show  in  chapters  IV  and  V  that 
these  bounds  form  a  fairly  close  ceiling  and  floor 
limitation   on  these    sensitivities. 
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II.    THEORY 

A.       INTRODUCTION 

The  principle  of  reciprocity  was  first  introduced  into 
acoustics  by  Rayieigh  in  1873  when  he  derived  the  reci- 
procity relation  for  a  system  of  linear  equations  and  gave 
"a  few  examples  [to]  promote  the  comprehension  of  a  theorem 
which,  on  account  of  its  extreme  generality,  may  appear 
vague"  [Ref.  6 ]•  He  cited  physical  examples  in  acoustics, 
optics  and  electricity  and  credited  Helmholtz  with  a  deriva- 
tion of  the  result  in  a  uniform,  in  viscid  fluid  in  which  is 
immersed  any  number  of  rigid,  fixed  solids,  pointing  out 
that  the  principle  "will  not  be  interfered  with"  even  in  the 
presence  of  damping.  The  first  physical  example  of  the 
reciprocity  theorem  given  by  Rayieigh,  and  the  most  relevant 
for  the  discussion  of  the  calibration  of  microphones,  is  the 
following: 

Let   A      and    B      be  two   parts      of   a      uniform   or 
variable  stretched      string.         If      a   periodic 
transverse    force   acts   at    A,      the   same   vibra- 
tion will      be   produced      at  B      as    would      have 
ensued    at  A    had   the    force   acted   at    B. 
This      technique    has      been      central      to  the      developement     of 
acoustical   science    [Ref.    24].         As   previously   pointed   out   in 
Chapter   1(A)      the  work  by   Maclean   and  Cook   [Ref.    1]   [Ref.    2] 
has      been     instrumental      in    the      determination      of      absolute 
sensitivities  of   electroacoustic   transducers. 

Until  fairly  recently,  the  vast  majority  of  the  applica- 
tions of  the  reciprocity  method  have  been  restricted  to  two 
standard  geometries  [Ref.  25]  :  The  far  field  of  a  spheri- 
cally   radiating    point  source,      and     a    pressure  coupler    whose 
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dimensions  are  small  compared  to  the  wavelength  of  the  sound 
involved.  In  1978  Rudnick.  [ Hef .  4]  demonstrated  that  the 
acoustical  transfer  impedance  provided  the  necessary  cali- 
bration constant  and  calculated  the  reciprocity  relation  for 
calibration   in      plane-wave    and      Helmholtz   resonators.  The 

validity  of  the  expression  in  a  plane-wave  resonator  has 
been    demonstrated  experimentally  [fief.    5]  [fief.    26]. 

Recall  from  chapter  1(B)  that  thermal  waves,  initiated 
by  variations  in  temperature  and  entropy,  propagate  within 
He   II.      This  was   referred  to  as  second   sound  [fief.    14], 

The  purpose  of  this  section  is  to  extend  the  technique, 
long  recognized  as  the  method  of  choice  for  absolute  cali- 
bration of  acoustic  transducers,  to  reversible,  linear, 
second  scund  transducers,  and  thereby  provide  a  method  for 
precise,  absolute  measurement  of  temperature  oscillations  in 
superfluid    helium   without  use   of    a   primary   standard. 

B.       ACOUSTIC  TRANSFER    IMPEDANCE 

Recall    from    chapter   I(A.2),    equation    1.35,    that 

Z  =   S/M    =   constant. 
Also,    the   absolute    sensitivity   can   be    found   by  equation    1.36 

Mo  =    [V  (2)/(I  (1)     Z)  ]i/2 
It   then    follows    that 

S    =   [  V  (2)    Z/I  (1)  ]i  /2  (eqn    2.1) 

In  chapter  I (A. 2)  it  was  stated  by  equation  1.35  that  Z 
represents     the        acoustical      transfer        impedance.  Then, 

referring  to  Figure    2.1, 

Z    =   P(2)/U(1)  (eqn   2.2) 
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where   P  (2)         is    the      pressure    at      the    face      of  transducer      2 
caused      by        the      volume      velocity,         U(1),  generated     by 

transducer    1. 


id). 


■>  * 


©      <■ 


1(2) 


Figure   2,1        Reversible  Transducers  Coupled   by  Acoustic  MediuB, 

The  volume  velocity  is  simply  the  mass  flux  divided  by  the 
mass  density  of  the  medium  coupling  the  transducers,  J/j*. 
This  acoustical  transfer  impedance  can,  in  principle,  be 
calculated      for      any    geometry.  It      is      the   ratio      of      the 

specific  acoustic  impedance  of  the  medium,  f  c,  to  a  geome- 
trical factor  with  the  units  of  area.  Here,  c  is  the 
thermodynamic   speed    of   sound   in   the    medium. 

For  a  spherically  radiating  source  in  free  space 
[Sef.  1]  this  geometrical  factor  is  2r  *X  ,  where  >,  is  the 
wavelength  of  the  sound  and  r  is  the  separation  of  the 
acoustical  centers  of  the  source  and  receiver.  For  two 
transducers  enclosed  in  a  rigid  walled  enclosure  (Bef.  4], 
all  dimensions  of  which  are  much  smaller  than  X  /  the  geome- 
trical factor  is  2tcv/^,  where  V  is  the  enclosure  volume. 
For      plane      wave      propagation     in        the      rigid     walled     tube 
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[Ref.  27]  of  cross-sectional  area  A,  the  factor  is  simply  A. 
Under  resonant  conditions,  the  geometrical  factor  will 
include  the  resonant  quality  factor,  Q,  and  the  mode  number, 
n,  if  there  is  a  spectrum  of  resonances.  For  a  Helmholtz 
resonator  [Ref-  4]  the  equivalent  area  is  [4TCV/Q^X  ];  for  a 
plane-wave  tube  [Ref,  5]  of  cross-sectional  area  "A"  the 
geometrical   factor    is 

nil  A/2Q(n)  . 

We  now  know  from  the  calibration  procedure  given  in 
chapter  1(E)  that  "round  robin"  measurements  can  be 
obtained  to  determine  the  sensitivity  (M)  and  source 
strength    (S)    of    the    reversible   transducers   of   Figure    1.9. 

It  should  be  noted  that  equations  1.52  and  1.66  make 
clear  the  symmetry  which  exists  between  pressure  and  density 
for  first  sound  and  temperature  and  entropy  for  second 
sound.  It  is  this  symmetry  which  will  be  exploited  in  the 
following  section  to  create  the  expression  which  will  permit 
reciprocity  calibration   of    second   sound   transducers. 

C.       SECOND    SOOHD    ACOUSTICAL    TRANSFER    II1PEDANCE 

In  the  previous  section  (B)  of  this  chapter,  it  was 
shown  that  the  acoustical  transfer  impedance  was  required  to 
be  constant  for  reciprocity  calibrations  in  classical 
fluids,  and  that  quantity  was  the  ratio  of  the  pressure  to 
the  mass  flux.  To  incorporate  different  geometries,  this 
constant  was  written  as  a  specific  acoustic  impedance 
divided  by  a  geometric  factor  with  the  units  of  area.  To 
write  the  expression  necessary  to  perform  the  same  type  of 
absolute  calibration  of  a  reversible  second  sound  trans- 
ducer, one  need  only  write  the  analogous  expressions  for 
sensitivity,  3(2),  source  strength,  S(2),  and  the  transfer 
impedance,    Z(2),    appropriate  to   second  sound. 
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As  second  sound  is  a  temperature-entropy  disturbance, 
the  logical  definitions  for  sensitivity  and  source  strength 
are 

M(2)    =  xducer    open  ckt   volts/    $T  at   surface 
S  (2)    =  $T    at    mic  location  /   driver   current 
or      their   conjugate      short    circuit     current   sensitivity      and 
voltage  source    strength.         If    hear      flux   rather    than   entropy 
flux    is    more  practical,      then   S(2)      can    simply  be    multiplied 
by   the   ambient    temperature,    T  (o)  . 

As  before,  the  Eeciprocity  Theorem  requires  that  if  the 
transducer    is  reversible  and  linear, 

S(2)/M(2)    =    Z(2)     =    T(2)/?S    V    (1)  (eqn    2.3) 

where  T  (2)  is  the  amplitude  of  temperature  oscilations  at 
the      receiver     created     by      an   entropy      flux      ($S         VK<1))  # 

generated   by  the   transmitter. 

The  transfer  impedance  can  be  evaluated  by  expressing 
both  the  temperature  oscillations  and  the  normal  fluid 
velocity  in  terms  of  the  superfluid  velocity.  The  necessary 
relations   fcr  second   sound    are    given    by    Landau  [ Hef .    14] 

T(2)     =   -0(11)     Vs  /S 

V*=    -<  V?J(  1-<^?/J„S)   (U(I)2U(II)  2/(U(I)2-C(II)  2}     vs 

where  oc  represents  the  second  term  inside  the  brackets,  Cp 
is  the  specific  heat  at  constant  pressure  and  y3  is  the 
isobaric      coefficient  of      thermal   expansion.  Substituting 

equation   2.3  yields 

Z(2)    =   T(o)/[  A  ?  U(II)Cp(1-oC)  ]    .  (eqn    2.4) 

For  all  temperatures  between  1.0  °K  and  2.17  °K,  oC  is 
less    than   one   percent.        It    is      worth   pointing   out    that  this 


44 


result  differs  from  that  of  other  authors  due  to  the  choice 
of  entropy  flux  as  the  conjugate  to  temperature,  Atkins 
[Ref.  28]  derives  an  equivalent  result  which  differs  by  a 
factor  of  T  (o)  in  the  limit  that  )5  =  0  since  he  defines 
the  characteristic  impedance  as  the  ratio  of  temperature  to 
heat  flux.  Pellam  [Bef.  29]  chooses  the  less  practical  but 
equivalent  definition  of  impedance  as  the  ratio  of  "osmotic 
pressure"   to  counterflow  velocity   and   again   treats    j3    =  0. 

Using  equation  2.4,  we  can  now  write  the  absolute 
sensitivity  of  a  reversible  and  linear  second  sound 
transducer   as 

M(2)     =   M«    [  V(2)/(A   1(1))   ]*/2 
M1    =    [     0(11)  Cp(1-oC)/T  (o)  P  /2 
where    * k*      is  again    seme     effective   area    which     depends  upon 
the    acoustic  geometry   which    couples      the   source    and   receiver 
as   discussed     in  section    (B)      of      this   chapter.         M1      is   the 
temperature   dependent  calibration   constant. 

It  is  worth  pointing  out  that  a  previous  attempt  to 
d'erive  this  result  [Bef.  30]  has  been  shown  to  be  incorrect 
[Bef.  31]  because  the  resulting  expression  contained  a 
transducer    dependent    quantity. 

D.       SECOND    SO0ND   RECIPROCITY.    CALIBRATION    CONSTANT 

The  calibration  constant,  M*,  has  been  evaluated  using 
the  UCLA  second  sound  speed  data  [Ref.  32]  and  the  derived 
hydrodynamics  [Ref.  21]  in  Table  II  and  Figure  2.2  for  the 
saturated  vapor  pressure.  The  behavior  of  this  constant  in 
the  region  from  1.2  °K  to  1.9°K  has  the  experimentally 
convenient      feature    of      being    linear      in   temperature.  The 

points  in  Figure  2.2  are  the  data  of  Table  II.  The  straight 
line  is  a  least  square  fit  to  the  points  between  the 
temperatures  1.2   °K    and    1.9    <>K,    given   by 

M«  (T)     «   2.176    T   -    1.775 
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Figure  2.2        Second  Sound  Reciprocity  Constant. 
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■ 

TABLE    II 

T 

Second 

Sound  Reci 

procity  Constant 

1(£K) 

ILL  [ 

watt si^f^a mi£K ] 

1.00 

5.31 

1.05 

6.05 

1.  10 

6.85 

1.  15 

7.60 

1.20 

8.45 

1.25 

9.42 

1.30 

10.44 

1.35 

1  1.51 

1.40 

12.69 

1.45 

13.73 

1.50 

14.86 

1.55 

16.  00 

1.60 

17.  14 

1.65 

18.26 

1.70 

19.39 

1.75 

20.46 

1.80 

21.49 

1.85 

22.45 

1.90 

23.30 

1.95 

24.02 

2.00 

24.44 

2.05 

24.74 

2.  10 

24.38 

2.  15 

21.66 

i  . *_      

_                                                           j 

with    units    cf  [  watts1  '2/(mm-°K)  ].  Ihe   correlation    coeffi- 

cient of  the  fit  is  0.9997  which  corresponds  to  a  standard 
deviation  of  less  than  0.7%  over  the  15  temperature  points. 
The  linear  behavior  can  be  understood  as  a  consequence  of 
the  thermodynamics  of  an  ideal  Bose-Binstein  gas  and  the 
"Tisza  approximation".  Neglecting  the  small  correction  due 
to   the   expression  coefficient,    Z (2)  2    can    be   written 

Z(2)2    =    J2(Jt/J)  (JS/JJS      CdS/^T]    . 

For   the   ideal  Bose-Binstein   gas   S   =    1. 284 (T/Tc) 2 /3    where 

Tc  is  the  condensation      (transition)       temperature   [Bef.    331, 

so    S  (  d S/£T)        is   proportional     to  r2.  If   the      entropy  is 

carried   only  by    the    normal    component      and   the   entropy   of   the 


47 


normal  component  is  assumed  constant,  then  S  =  ?^  SK  and 
(S  ?/?^)  is  temperature  independent.  This  is  known  as  the 
Tisza  approximation  (Bef.  34],  which  is  found  to  be  correct 
above  1.2  °K.  Although  1j  / f  is  a  strong  function  of  temper- 
ature near  the  lambda-point,  the  square  root  of  its  value 
rapidly  approaches  one  below  1.8  °K.  The  total  density  is 
very    nearly  temperature   independent. 
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Ill,     APPARATUS 

A.       CBYOSTAT 

Figure  3.  1  is  a  diagram  of  i&e  dewar  and  associated 
support  piping  systems.  The  piping  and  tubing  sysrems  are 
primarily  copper  with  silvsr  brazed  joints,  although  rubber 
vacuum   tubing   is   used  in   siuall   sections. 
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Figure  3.1    Dewar  Support  Piping  Systems. 


49 


1 .      The   Probe 

The  probe  pictured  in  Figura  3.2  provides  mechanical 
support  for  the  experiment  inside  the  dewar,  electrical 
connections  between  the  transducers  and  the  room  temperature 
electronics  and  a  means  of  introducing  liquid  helium  into 
the    dewar. 

The  .liquid  helium  fill  tube  is  made  in  two  sections. 
The  first  section  is  the  portion  that  resides  outside  the 
dewar  area  in  atmospheric  conditions  (Helium  Recieving 
Tube).  This  section  is  an  8  inch  (20.32  cm)  long,  15  mil 
(0.038cm)  wall  and  0.662  inch  (1.68  cm)  outside  diameter 
stainless  steel    tube.  The   second   section   is      that    portion 

inside  the  dewar.  This  section  is  58  3/8  inches  (148.27  cm) 
long,  9.8  mil  (0.025  cm)  wall  and  1/2  inch  (1.27  cm)  out 
side  diameter  stainless  steel  tubing.  The  two  sections  are 
joined  inside  the  top-plate.  The  difference  in  tubing  size 
was  necessitated  in  that  the  atmospheric  section  must  be 
large  enough  and  strong  enough  to  accept  and  support  the 
helium  transfer  tube,  while  the  dewar  portion  of  the  fill 
tube  has  thin  wall  size  which  was  choosen  to  reduce  the  heat 
leak  (thermal  conduction)  from  the  top-plate  which  is  at 
room    temperature. 

The  dewar  portion  of  the  fill  tube,  which  al.so  acted 
as  the  main  support  tube,  has  1/8  inch  (0.32  cm)  diameter 
holes  placed  approximately  every  8  inches  (20  cm)  along  its 
length  to  prevent  Taccnis  oscillations  [Hef..  35].  The  fill 
tube  has  4  heat  shield  assemblies  that  are  attached  to  the 
central  tube  to  reduce  the  heating  of  the  helium  due  to 
Stef an-boltzman,  O*  T*,  radiation  from  the  top-plate  which  is 
at   room   temperature.  At    the   bottom   of   the    fill      tube   is   a 

Bakelite   plate    which   supports   the   experiment. 

The  top- plate  is  a  4  11/16  inch  (11.9  cm)  diameter, 
1/8   inch    (0.32    cm)    thick   brass    plate. 
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Figure  3.  2        The  Probe. 
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The  top-plate  provides  support  as  wall  as  providing  the  seal 
between  the  low  pressure  low  temperature  experimental  area 
inside  the  dewar  and  the  atmosheric  conditions  outside  the 
dewar.      The  top- plate   has  the    following    penetrations: 

(1)  fill    tube    (helium    recieving   tube) 

(2)  hermetically  sealed,  dual  flNC  recepticle  box  which 
allows  two  way  electronic  communication  between  room 
temperature  electronics  and  the  two  capacitive  end 
plates  of    the    resonator 

(3)  a  BNC  connection  which  provides  a  signal  path  to 
the  resonator    resistor 

(4)  a      1    inch       (2.54    cm)         high   9/16      inch     (0.46      cm) 
outside   diameter     brass    tube   which   contains      4   twisted 
pairs   of    wire    which  is      passed    through   a   hermetic   seal 
in   the  tube. 

The  4  twisted  pairs  are  used  for  a  4  terminal  connection  to 
a  calibrated  resistor  used  for  temperature  monitoring  during 
cooldcwn  and  the  second  sound  drive  heater  in  the 
experimental  cell    (resonator) . 

The  heat  conducted  to  the  aelium  by  the  thin  walled 
stainless  steel  tubing  supporting  che  experiment  was  calcu- 
lated by  using  the  following  information  from  Goodall 
[Sef-  36].  For  a  10  cm  length  of  stainless  steel  tubing  of 
1/2  inch  (1.27  cm)  O.D.  with  a  wall  thickness  of  6  mils 
(0.002  cm),  running  from  3  00  °K  to  4  ok,  will  conduct  184 
mWatts  of  heat.  As  the  distance  from  the  helium  surface  to 
the  top-plate  was  typically  110  cm,  the  central  tube 
contributed   a   heat    lead   of    27.9   mlatts. 

The  heat  calculated  for  the  4  twisted  pairs  (8  wires 
total)  of  #32  gauge  (Brown  and  Sharp)  copper  wire  (164.5 
cm/wire)  was  performed  using  the  following  data  from 
Reference   40.         A   10    cm   piece    of    #34    British    wire    gauge   with 
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a  crossectional  area  cf  0.429  X  10~3  cm2  ,  with  one  end  at 
300  °K  and  the  other  end  at  4  ok,  provides  a  heat  leak  of 
65.2  mWatts.  Multiplying  by  a  crossectional  area  ratio 
between  #34  gauge  and  #32  gauge  wire  and  the  number  of  wires 
and  then  dividing  by  the  length  ratio  results  in  the  twisted 
pair    heat   lead    of  23.7   mWatts. 

The  two  coax  cables,  with  crossectional  area  of 
0.0065  cm2  and  length  of  110.9  cm  were  modeled  as  thin 
walled  stainless  steel  tubes  since  no  heat  load  information 
for  coax  cabling  was  readily  available  and  the  contribution 
of  the  teflon  insulation  is  insignificant.  Again  following 
Goodall  [Bef.  36]  the  following  calculation  was  made.  A  10 
cm  long  piece  of  1/2  inch  (1.27  cm)  O.D.  stainless  steel 
tubing  with  a  crossectional  area  of  .0098  cm2  running  from 
300  OK  to  4  ok  conducts  30  mWatts.  Scaling  the  30  mWatts  by 
the  crossectional  area  ratio  divided  by  the  length  ratio 
times  the  number  of  coax  cables  yielded  a  heat  leak  of  3.6 
mWatts. 

The  calculation  of  heat  input  (worst  case)  due  to 
the  contributions  of  the  individual  elements  discussed  above 
is   summarized  as   follows: 

THIN    WALL    TOBE  27.9   mWatts 

TWISTED    PAIRS  23.7    mWatts 

COAX    CABLE  3.6    mWatts 


TOTAL  55.2   mWatts 

A  run  was  conducted  on  27  October  1982  to  determine 
an  actual  system  heat  leak.  A  plot  of  Helium  Height  (cm) 
verses  Time  (minutes)  over  a  period  of  400  minutes  resulted 
in  a  slope  of  -11.6  X  10-3  cm/min  with  a  correlation  coeffi- 
cient of  0.997.  This  slope  was  converted  into  a  boil-off 
rate    and      multiplied    by   the      latent   heat  of      vaporization   of 
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helium  at  1.65  °K  (L=3.27  Joules/cc)  [fief.  37]  to  yield 
experimentally  calculated  heat  lea*.  For  this  case  the  leak 
is  51  mWatts,  which  is  in  excellent  agreement  with  the 
previous  analysis.  This  heat  leak  rate  permitted  82.. 2  hours 
of  run  time  and  a  minimum  temperature  of  1.4  ok  using  the  15 
CFM  pump  assuming  no  energy  input  to  the  system.  The  fact 
that  our  worse  case  calculations  exceeded  the  observed 
depletion  rate,  hence  power  input,  indicates  no  significant 
unknown    heat  leaks    exist   within   the   dewar. 

2-      Oewar   S  y  st  e  a 

All  experiments  were  performed  in  a  glass  double 
dewar  system.  The  inner  dewar  is  4  inches  (10.16  cm)  inside 
diameter.  The  temperature  of  the  helium  bath  is  reduced  by 
pumping  away  its  vapor  with  a  Kinney  vacuum  pump.  Model 
KC-15.  The  connection  between  the  pump  and  the  dewar  is  by 
means  of  a  2  1/4  inch  (5.7  cm)  outside  diameter  pipe  which 
tapers  to  a  1  1/2  inch  (3.8  cm)  outside  diameter  pipe..  The 
1  1/2  inch  O.D.*  line  has  an  isolation  valve  which  isolates 
th§    pump   from   the  dewar. 

The  helium  bath  temperature  is  determined  by  meas- 
uring the  vapor  pressure  of  the  helium  and  converting  it  to 
temperature  by  Cubic  Spline  interpolation  [ Hef .  38]  using 
tables  based  on  the  1958  He  temperature  scale  [Ref.  39]. 
The  pressure  is  measured  by  a  MKS  Baratron,  head  type  370  H, 
with  a  0-1000  mmHg  range.  An  analog  voltage  output  which  is 
proportional  to  the  pressure  is  sent  to  the  computer 
controlled  data  aquisition  system.  The  reference  side  of 
the  differential  head  is  backed  by  a  diffusion  pump  so  the 
pressure  reading  can   be   regarded   as  absolute. 

A  vacuum  drop  test  of  the  dewar,  covering  a  three 
day    period   resulted    in  the    following: 

(1)  first    24    hcur   period   leak   rate    was    0.154    mmHg/hr 

(2)  three    day    period    leak   rate    was    0.120   mmHg/hr    . 
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Since  the  volume  of  the  inner  dewar  space  is  12.15  liters 
this  corresponds  to  a  leak  rate  of  0.0048  standard  cc/sec. 
This  rate  is  sufficiently  small  to  allow  operation  of  the 
experiment  for  periods  in  excess  of  50  hours.  No  icing  of 
the   inner   dewar    space   was  visible   at    any   time. 

3.      Temperature    Control     (Pressure   Control) 

Temperature  was  controlled  by  controlling  dewar 
pressure  and  thereby  controlling  the  vapor  pressure  of  the 
helium  contained  within.  The  pressure  is  controlled  by  the 
use  of  a  raanostat  [Hef.  35],  The  manostat  is  located  in  the 
dewar  vacuum  system  between  the  1  1/2  inch  (3.8  cm)  O.D. 
isolation   valve    and    the   dewar   itsalf     (see    Fig   3.1). 

The  manostat  shown  in  figure  3,3  is  a  6  inch  (15.24 
cm)  inside  diameter  3  inch  (7.62  cm)  deep  cylindrical 
aluminum   vessel.  The   top   is      constructed   out   of      1/4   inch 

(0.635  cm)  thick  clear  polyethylene.  The  manostat  has  four 
piping   penetrations.  Two    are    1      1/8   inch    (2.86      cm)      O.D. 

which  are  used  to  place  the  manostat  in  the  vacuum  system 
between  the  vacuum  isolation  valve  and  the  dewar.  The  pene- 
trations protrude  1  1/2  inches  (3.8  cm)  into  the  vessel 
radially  from  opposite  directions  leaving  a  3  inch  (7.62  cm) 
gap  between  them.  A  condom  (Shiek  Reservoir  End  Sensi-Creme 
Lubricated)  with  the  end  cut  off  was  placed  over  the  ends  of 
the  two  protrusions  and  is  held  on  each  end  by  an  O-ring. 
This  flexible  membrane  acts  as  an  extremely  sensitive 
control   valve.  The  other      two    penetrations      are   3/8      inch 

(0.95  cm)  outside  diameter.  One  connects  to  a  reference 
flask  and  the  other  connects  through  an  isolation  valve  to 
the    dewar   side    vacuum  line    to    sense   dewar    pressure. 
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With  the  isolation  valve  in  the  open  position,  the 
pressure  inside  and  outside  the  membrane  are  equal,  allowing 
the      membrane  to      remain     in      an    uncollapsed     state.  This 

permits  the  vacuum  pump  to  continue  to  evacuate  the  dewar. 
When  the  desired  pressure  is  reached  (2.5-30.0  mmHg)  the 
isolation  valve  is  shut.  The  pressure  in  the  dewar  at  the 
time  the  isolation  valve  is  shut  is  the  pressure  felt  and 
maintained   on   the      outside    of   the   membrane.  The   inside   of 

the  membrane  is  sensing  present  dewar  pressure.  If  the 
dewar  pressure  drops  below  the  desired  pressure,  the  pres- 
sure inside  the  membrane  drops  below  that  maintained  on  the 
outside  of  the  membrane  causing  it  to  collapse  and  thereby 
isolating  the  vacuum  pump  from  the  dewar.  As  the  liquid 
helium  evaporates  and  vapor  pressure  increase  the  pressure 
inside  the  membrane  also  increases.  tfhen  the  dewar  pressure 
exceeds  the  pressure  maintained  on  the  outside  of  the 
membrane  the  condom  begins  to  expand  and  once  again  opens  a 
path  between  the  vacuum  pump  and  the  dewar  to  allow  the 
pressure  to  be  decreased  and  thereby  decrease  the  system 
temperature. 

This  manostat  was  found  to  be  quite  reliable  and  was 
able  to  maintain  a  constant  pressure  to  within  0.025  mmHg 
over  a  one  hour  period.  This  relates  to  an  approximate 
0.004  degree  Kelvin  temperature  change  over  the  same  time 
period   in  our   temperature  range   of  concern. 

The  choice  cf  condom  was  found  to  be  suprisingly 
important.  Several  different  types  and  brands  were  used  but 
the  Shiek  Sensi-Creme  Lubricated  was  found  to  be  most  pres- 
sure sensitive  and  capable  membrane  for  maintaining  a 
desired   pressure. 
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B.       TRANSDUCTION 


1.      The   Resonator 


A  cylindrical  plane-wave  resonator  geometry  was 
determined  to  be  the  best  choice  for  testing  second  sound 
reciprocity  calibration.  The   slow      speed   of     second    sound 

U(II)  is  less  than  20  m/s  and  the  consequent  shortness  of 
wavelengths  limits  the  frequency  range  of  a  coupler  to 
inconvenient  dimensions.  While  restricting  our  experiment 
to  a  limited  number  of  operating  frequencies,  at  a  given 
temperature,  the  plane-wave  resoriator  guarantees  a  well 
defined  geometry,  plane  wavefronts  below  cut-off  for  higher 
order   modes  [Ref.    40  ],   and    simplicity   of    design. 

A  schematic  diagram  of  our  resonator,  previously 
illustrated  in  chapter  1(E)  ,  is  repeated  here  in  Figure  3.4. 
A  picture  of  the  actual  experimental  resonator  is  shown  in 
Figure   3.5. 
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Figure   3.4        Schematic    of   Experimental  Resonator. 
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Figure   3.5       Experiaental   Resonator. 


The  resonator  is  made  of  brass  (5.0  cm  in  length  and 
2.54  cm  OD)  and  has  been  longitudinally  bored  (1.43  cm  ID). 
The  two  cylindrical  endcaps  contain  epoxy  (slanted  lines) 
insulated  metal  "buttons".  When  combined  with  transduction 
elements  which  incorporate  electret  technology  [Ref.  41], 
they  form  two  reversible,  mechanical  and  electrostatic 
second  sound  transducers.  Micro-dot  connectors  on  each  end 
provide  an  electrical  interface  to  make  positive  electrical 
connection  to  the  grounded  endcaps  and  the  electrically 
"hot"    buttons.  The  button   faces      have   been      lightly    sand- 

blasted to  improve  their  sensitivity  when  they  are  used  as 
the  hot  electrode  in  an  electret  microphone  consisting  of 
the  button  as  a  backdate  and  the  slectret  as  the  pressure 
sensitive  diaphragm.  The  endcaps  contain  a  very  narrow  and 
shallow  trough  on  their  face  which  mates  with  the  resonator 
body,  thus  providing  a  free  flooding  port  for  liquid  helium 
to   completely   fill    the  experimental   chamber. 
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The  heater  has  been  constructed  from  insulated  #41 
manganin  wire.  The  wire  (0.0057  cm  diameter)  was  found  to 
offer  51.66 -n-/ft  using  an  HP-3456A  multimeter  with  null. 
The  wire  was  fashioned  into  an  acoustically  transparent 
"web".  It  is  used  to  generate  thermal  waves  (second  sound)  . 
A  picture   of  the   heater   is    provided    in   Figure   3.5. 

The  thermometer  has  been  fabricated  from  an 
Allen-Bradley  carbon  composition  resistor  (1/10  watt)  which 
has  been  sanded  to  fcrm  a  thin  slab.  This  type  resistor  was 
chosen  due  to  its  high  differential  resistivity  [d(ln  R)/dT] 
in  the  1-2  °K  range.  It  can  be  calibrated  against  the  vapor 
pressure  curve  [ Ref .  39]  and  then  used  as  a  detector  (micro- 
phone) of  second  sound.  In  a  later  section  (Transducers: 
Thermometers)  we  discuss  our  attampt  to  improve  on  the 
Allen-Bradley  thermometer  and  our  motivation  for  improve- 
ment. A  picture  of  our  resistive  thermometer  is  provided  in 
Figure   3.6. 

2«      Transducers 

a.      Electret-type 

In  our  resonator  the  pressure  disturbances,  as 
well  as  the  counterflow  of  the  super  and  normal  components, 
are  detected  using  the  electret  microphone  [Ref.  42]  which 
consists  of  an  aluminized  sheet  of  1/2  mil  (12.7/in)  thick 
FEP  teflon  laid  on  the  endcaps  with  the  aluminized  surface 
away  from  the  button.  A  large  quasi-permanent  charge 
density,  <j-  ,  of  the  order  of  10-7  coulomb/cm2  [Ref.  43]  is 
deposited  in  the  aluminized  teflon  by  placing  it  in  an  elec- 
tric field.  The  membrane  is  polarized  by  placing  it, 
aluminized  side  up,  en  a  sheet  of  ordinary  window  glass  and 
applying  12-18  KVDC  across  the  aluminized  surface  and  a 
conducting   plate     under   the    glass.  The   electric      field   is 

maintained    for    approximately    1-3      hours.         Then   the   electret 
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Figure    3.6       Resistive  Thermometer. 

is  removed  from  the  glass  and  placed  over  the  sandblasted 
electrode  (button)  to  which  it  adheres  due  to  electrostatic 
forces.  Holes  for  the  fastening  screws,  which  tightly  sand- 
wich the  endcap  to  the  resonator  body,  and  random  slits,  for 
passage  of  He  II,  are  cut  in  the  electret  with  a  scalpel. 
This  can  be  seen  in  the  following  figures  which  show 
pictures  that  were  taken  of  our  slit-electrets  using  an 
electron   microscope.  Figure   3.7      gives   an      overview   of      a 

typical  electret  showing  the  random  number  of  arbitrarily 
placed   slits.  In    Figure      3.8   it     is   possible      to   see     the 

detail  of  the  slits,  especially  noticeable  is  the  jaggedness 
of  the  slits  and  the  areas  of  apparent  arcing  that  has 
occurred  during  testing.  From  such  slit-electret  resonators 
we  were  still  able  to  consistantly  obtain  spectral  diagrams 
which  clearly  showed  multiple  resonances,  as  illustrated  in 
figure   3.9. 
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Figure  3*7        Overall    View   of   Electrets    (x20) 
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Figure  3.8   Close-up  On  Electret  (x120)  and  Slit  (x600) . 
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When  an  oscillating  voltage  of  frequency  oi  is 
appli€d  between  the  electret  and  tha  button,  the  driver  acts 
like  an  electrostatic  speaker  coupled  directly  into  the 
resonator.  Since  the  electret  has  a  stored  charge  which  has 
been  found  to  have  an  equivalent  bias  voltage  ranging  from 
150-210  volts  [fief.  44]  the  sound  generated  by  the  driver 
will    also   be  at  &J  without   an  external   biasing   voltage. 

Within  the  resonator,  pressure  and  super/normal 
fluid  component  counterflow  are  detected  using  the  elactret 
device  as  a  microphone.  Therefore,  a  voltage  is  generated 
between  ground  (rescnator  body)  and  the  button  whenever 
there   is   an     oscillation   of    the   membrane.  This    causes   the 

membrane  to  deviate  from  its  equilibrium  position  and 
thereby  changes  the  capacitance  between  the  electrode  and 
the  aluminized  surface.  The  charge  on  the  electret  is  fixed 
and  Q  =  CV  ,  where  Q  -<Tk  and  A  is  the  surface  area  of  the 
button  (almost  0.25  cm2),  C  and  V  are  the  capacitance  and 
equivalent  voltage  across  the  aluminized  surface  and  the 
tackplate.  When  the  membrane  is  displaced  by  a  small  amount 
we   can   let 

C   =   C(o)     ♦  $C(t)  (eqn   3.1) 

and 

V   =   V(o)     +   U  (t)  (eqn   3.2) 

and 

C  Sc(t)/C(c)  ]    =   [-    $V(t)/V  (o)  ]  (eqn    3.3) 
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where  V(t)  is  the  time  varying  voltage  generated  by  the 
membrane  displacement  and  V (o)  is  the  equivalent  bias 
voltage  across  the  transducer  due  to  the  stored  charge 
density  in  the  electret.  As  stated  before,  this  equivalent 
bias  voltage  is  approximately  150-210  volts  for  our  typical 
electrets.  This  value  was  determined  utilizing  the  circuit 
of   figure  3.10. 
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Figure   3.10        Determination   of   Electret   Equivalent   Bias  Voltage. 

While  driving  the  electret  of  side  A  with  the 
d.c.-bias  voltage,  the  relative  microphone  (side  B)  response 
is   monitored.  After   plotting   the      relative   response      as   a 

function  of  the  increased  bias  voltage,  a  linear  extrapolat- 
ion of  the  relative  response  to  a  "zero  volt"  condition 
yields,  experimentally,  the  equivalent  bias  voltage,  V(o), 
of  the  electret  microphone  (side  B)  .  Figure  3.11  shows  some 
typical  data  taken  at  293  o  K.  It  is  worth  pointing  out  that 
this  technique  of  measuring  bias  voltage  worked  equally  well 
in   helium  or  at    room   temperature. 

During  the  experiment  it  was  necessary  to  deter- 
mine, to  as  high  a  degree  of  accuracy  as  possible,  the 
capacitance  of    these   electrostatic  transducers.      In   addition 
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Figure   3.11        Back-bias   Volts   vs.    Received   Acoustic   Signal. 

to  correcting  for  the  inherent:  capacitances  of  peripheral 
equipment  and  leads,  covered  in  a  later  section,  it  was  also 
necessary  to  account  for  the  dead  capacitance  of  the 
endcap-button  ensemble.  This  dead  capacitance  is  the  trans- 
ducer's capacitance  without  the  electret  in  place.  For  our 
electrers  the  average  value  of  dead  capacitance  was  found  to 
be    12.7   ♦    1.4    pf. 

The    process     of    driving      an    electret      source    (A) 
and    picking     up    on      an  electret      microphone    (B)         is   denoted 
EA/EB.      This  process    was   used   in   ths    experiment   to   determine 
the    product  of    sensitivities  [  M (A)      a (B)  ]   by   the    Reciprocity 
Theorem 

M(A)     M(B)    =    [  V(m)/(i(s)     Z)  ] 
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where 


i(s)    =   V(s)(2XfC),  (egn   3.4) 

"f"  teing  the  resonant  frequency  and  C  the  driver  capaci- 
tance. The  parameter  Z,  as  previously  mentioned,  depends  on 
the  measured  values  of  Q  and  A  [area]  as  well  as  some  ther- 
modynamic quantities  [specific  heat,  second  sound  speed.  He 
II      density   and      temperature].  Therefore,      the      resulting 

equation   appears  as 

M(A)M(B)     =  [d2TCU  (II)Cp?/16  ][V  (m)  a/(V(s)  QfCT)  ]     (egn    3.5) 

where  d  is  the  experimental  chamber  diameter,  and  the  other 
parameters      have   been     previously      defined.  The   units     of 

equation   3.5  are    (volts/  °K) 2,    as    expected. 

In  order  to  obtain  the  absolute  sensitivity  of 
our  individual  electret  transducers  we  need  to  conclude  the 
reciprocity   procedure.  We   will   choose   to      drive   thermally 

(heater)  and  pick  up  on  electret.  This  is  denoted  T/EA  or 
T/EB,  depending  on  which  electreted  side  is  to  play  the  role 
of  the  microphone.  The  results  of  this  approach  will  be  the 
ratio    of  the  sensitivities.. 

We  now  take  great  care  to  drive  the  heater  with 
a  voltage  V  (i)  that  is  necessary  to  produce  an  equivalent 
response  from  side  B  as  obtained  when  electreted  side  A  was 
being    driven2    (the    chcice   of   A   or   3   is   arbitrary)  . 

After  the  input  and  output  voltages  are 
recorded,  the  output  response  of  side  A  is  recorded,  while 
the    heater    drive   remains  the   same. 


2We  have  found  that,  this  is  an  unnecessary  restriction 
since  for  typical  drive  voltages  of  interest  to  us,  and 
within  the  power  limitations  of  the  heater,  the  transducers 
respond   linearly. 
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This   then  gives    us 

M(A)/M(B)     =   [T/EA  ]/[T/EB]  (eqn    3.6) 

where   for   the   values   obtained   from   T/EA    we   get 

T/EA   =   V(o)/V(i)2.  (eqn    3.7) 

For    the   different  set  of   values   obtained   for   T/EB    we   get 

T/EB  =   V(o)/V(i)2.  (eqn   3.8) 

Therefore   by  equation  3.6, 

M(A)     =    M(B)     [  T/EA  ]/[ T/EB]     .  (eqn    3.9) 

After  substituting  equation  3.9  into  equation  3.5  we  find 
that 

M(A)    =    (constant)  [  available    data]*'2  (eqn    3.10) 

and  now  M(B)  can  be  determined  from  equation  3.9.  As  will 
be  pointed  cut  later,  there  is  sufficient  data  to  determine 
M(B)  using  equation  3.10  and  M (A)  can  be  measured  by  compar- 
ison (equation  3.6).  This  provided  a  self-consistancy  check 
of   our   procedure. 

b.      Thermophore 

The  heater  element  is  made  from  a  1.2  ft  length 
of  insulated  manganin  wire  which  has  been  folded  in  half  and 
twisted.  As  previously  stated  this  wire  offers  51.6-su/ft. 
The  twisted  wire  was  spirally-threaded  through  holes  located 
in  a  mylar  crossbar  arrangement  whose  arms  are  only  slightly 
shorter   than  the  diameter  of    the    resonator    chamber.      This   is 
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to  ensure  a  snug  fit  when  the  spiral  heater  is  epoxiad  into 
place  just  within  the  chamber  (recessed  less  than  2  mm)  and 
literally  cut  of  touch  with  the  aluminized  side  of  the 
electret   transducer.      Figure   3.6    shows   the   heater. 

The  heater  is  driven  by  a  sinusoidally  time- 
vaying  voltage  at  half  the  frequency  of  the  desired  second 
sound.  Since  the  heating  is  proportional  to  the  square  of 
the  applied  voltage  the  generated  second  sound  is  at  twice 
the  frequency  of  the  applied  voltage  according  to  Pellam 
[Ref.    22].  That      this     is      true      can      be      seen      from      the 

trigoncmetric  identity, 

cos2(«t)    =    (1/2)  [1    ♦   cos     (2oit)  ],  (eqn    3.11) 

which  shows  that  only  half  of  the  electrical  signal  deliv- 
ered to  the  heater  gees  into  creating  second  sound  (at  2o>) 
and    the   other   half    goes   into   d.c.    heating   of   the    fluid. 

In  the  previous  discussion  on  electrets  we  were 
aole  to  use  the  Reciprocity  Theorem  to  calculate  the  abso- 
lute sensitivities  of  our  transducers  without  the  use  of  a 
primary  standard  and  with  only  easily  obtainable  parameters. 
But    hew   good  are  these  sensitivities? 

In  order  to  determine  whether  these  values  are 
absolutely  correct  we  must  at  least  compare  our  calibrations 
against  some  standard.  The  theraophone  principle  can  be 
used  to  set  an  u££er  limit  for  our  calibration  if  we  make 
the  following  assuption.  Although  only  half  of  the  signal 
delivered  to  the  heater  is  instrumental  in  generating  second 
sound,  we  calculate  the  temperature  swing  that  would  occur 
if  all  of  this  ^jjer  that  is  available  (at  2  u>  )  goes  into 
the  production  of  second  sound.  Pellam  has  shown  us  hew  to 
calculate  the  second  sound  amplitude;  however,  we  know  that 
there  is  always  energy  leakage  at  least  along  the  electrical 
leads,      and  so    calculations   derived   from   this   assumption   are 
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surely      upper        limits      for        expected      temperature        swings 
necessary  tc  produce   a   given  output. 

The  derivation  of  the  nscessary  equation  to 
determine  this  temperature  swing  for  the  thermophone  follows 
from  previously  stated  relationships  which  will  not  be 
restated  here.  The  electrical  power  that  is  available  for 
the  production  of  seccnd  sound  will  be  equal  to  I2R  where  I 
is  the  rms  current  supplied  to  our  hearer  of  resistance  R. 
A  reinforcement  factor  of  (2Q/n*K)#  used  for  classical  reso- 
nator systems  (  and  used  by  Pellam  for  n= 1  ) ,  will  be  used 
to  enhance  the  temperature  oscillation  amplitude  due  to 
resonance.      If   we  define 

power/Area  =  ?S   V„    T(o)  (eqn    3.12) 


▼n."   -*SV8/^  (eqn    3.13) 

Power/Area  =  -?S  T  (o)  ?$  V$  /  ^  (eqn  3.14) 
therefore, 

V$    =  -(Power)    ?n/(?s   $    S    T(o)    Area).  (eqn    3.15) 

From    chapter  II    and    according   to   Landau  [Ref.    14  ], 

St    =   -0(11)    Vs  /S  (eqn    3.  16) 

St   =   0(11)    [  (Power)  ?„/ (Area  $,$  T(o)    3*)]  (eqn   3.17) 
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the    re-enf orcein ent    factor  must   also    be   included,    therefore, 
$T   =  [U(II)    2Q     (Power)   (JA/?S)  ]/[  Area    S*   n^T  (o)  ] 

but    since  the  specific  heat    at   constant    pressure    is 

Cp    =    (5,/?J     T(o)     S2   /   U(II)2    ,  (eqn    3.18) 

then, 

St    =   8Q   V  (i)  2/[R?  u2   n   d2    cp    U  (II)  sqr  (2)  ]  (eqn    3.  19) 

where  V  (i)  is  the  rus  voltage  into  the  heater  of  resistance 
R,  n  is  the  modal  number,  and  d  is  the  chamber  diameter. 
Therefore,  with  readily  available  data  we  are  able  to  calcu- 
late, and  thereby  set,  an  upper  bound  for  our  reciprocity 
calculations  made  earlier. 

c.      Thermometry 

Thermometry,  like  the  thermophone,  is  a  prin- 
ciple that  will  be  used  to  again  test  our  reciprocity  cali- 
bration of  thermal  transducers  within  a  quantum  fluid. 
However,  this  time  we  will  use  our  resistance  -hermometer  to 
set  a  lower  bound  for  a  temperature  swing  producing  a 
particular    output. 

The  second  sound  generation  (heater)  and  pick  up 
by  the  carbon  resistance  thermometer  is  referred  to  as 
thermal-thermal  and  is  denoted  T/r .  The  thermometer  was 
fabricated  from  an  Allen-Bradley  1/10  watt  resistor.  It  was 
sanded  down  until  approximately  1mm  thick  in  order  to  mini- 
mize its  thermal  inertia.  The  thermometer  has  been  electri- 
cally interfaced  with  peripheral  equipment  by  a  micro-dot 
connector,    thus    making  it  modular,    and    fully   shielded. 
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The  principle  employed  in  the  resistance  ther- 
mometer, for  the  detection  of  second  sound,  is  that  the 
resistance  (R)  is  a  function  of  temperature  and  if  a 
constant  currant,  I,  passes  through  the  resistor,  then  the 
changes  in  resistance  with  temperature,  dR/dT,  appear  as  an 
oscillating  voltage,  Sv(t)  ,  which  is  proportional  to  the 
temperature  swings,   $T ,  in  the  following  way: 

Sv  =  I  (dR/dT)   Jt  (eqn  3.20) 

therefore   the  temperature  swing   can   be   determined    by: 

JT   =      $V/[I    dR/dT]   .  (eqn    3.21) 

Typically,    our    bias    current,   I,    was   set    at    2.7  to    3.0/ti. 

The  factor  of  dR/dT  was  determined  by  static 
calibration.  The  calibration  data  is  obtained  while  the 
temperature  of  the  helium  bath  is  being  reduced.  The  vapor 
pressure  and  resistance  are  recorded  each  time  the  pressure 
changed  by  0.1  mmHg.  The  temperature  corresponding  to  a 
given  pressure  was  found  using  the  Cubic  Spline  method 
[Ref.  38].  The  differential  resistivity  was  calculated  by 
making  a  least  square  best  fit  to  an  exponential  in  the 
temperature  range  of  interest  for  each  particular  helium 
run.  Figure  3.12  gives  a  sample  of  the  data.  The  exponen- 
tial resistance  was  motivated  by  the  semiconductivity  energy 
gap    activation    model;   and  the   exponential   form, 

R  (T)    =   R  (o)     exp[-oCT] 
was      convenient    for      the   expression      of    differential      resis- 
tivity 

©C     =   [1/R(o)  H^R/aT]. 
Table   III   shows    tne    thermometer   calibration   constant, oc,    for 
specific  temperatures   used    during  our   experiment. 
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Figure    3.12        Thenometer  Calibration  Curve. 
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TABLE    III 

-    i 

Thermometer  Calibration 

Constant 

Temp.    (OK) 

Resist.     (Ka) 

oC  (°K)-» 

1.47 
1.53 
1.65 
1.83 
1.95 

81.44 
66.62 
46.11 
29.59 
23.11 

-3.175 
-3.387 
-2.735 
-2.205 
-1.859 

C.   ELECTRONICS 

Three  different  methods  were  employed  to  generate  and 
detect      second    sound      standing    waves.  First  one      elect  ret 

transducer  was  driven  and  the  resulting  second  sound  was 
detected  by  the  remaining  electrst  transducer.  In  the 
remainder  of  this  report  this  will  be  designated  as 
Electret/Electret   or    E/E.  The    second   method   was      to    drive 

the  heater  and  detect  the  generated  sound  using  one  of  the 
electret  transducers  (Therm al/Electcet;  T/E) .  Both  electret 
transducers  were  used  in  data  gathering.  After  sufficient 
data  had  teen  obtained  using  one  electret  transducer  as  a 
reciever  the  output  was  shifted  zo  the  remaining  electret 
transducer  and  the  data  was  obtained  using  that  combination. 
The  third  method  again  drove  the  heater,  but  this  time  the 
thermally  generated  second  sound  was  detected  by  its  associ- 
ated temperature  oscillations  using  a  carbon  resistor, 
biased        by        a        constant        current,  as        the        receiver 

(Thermal/Thermal;   T/T) . 

Ail  three  methods  used  a  sinusoidal  drive  signal.  Due 
to  the  size  and  symmetry  of  the  electret  transducers  and  the 
heater  that  generated  second  sound  waves,  all  wave  forms 
were  assumed  to  be  planar,  and  the  harmonicity  of  the 
detected   modes    varified  that   assumption. 
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In  the  following  sections  on  transducer  electronics, 
Electret/Electret,  Thermal/Electret,  and  Thermal/Thermal  the 
HP~3325A  Synthesizer/Function  Generator  and  the  EG&G 
Princeton      Applied        Feasearch      (PAS)  Model-5204      Lock-in 

Anyalyser  are  the  output  and  input  respectively  of  the  data 
acquisition  system  which  is  discussed  oriefly  in  the  RESULTS 
chapter. 

1*      Electret/Electret 

Figure  3.13  is  a  block  diagram  of  the  electronic  set 
up  for  the  electret  drive,  electret  pick  up  mode  of 
generating    and    detecting   second   sound. 
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Figure   3.13        Electret/Electret    Electronics    Block   Diagram. 

The        drive      signal        is      taken        from      a         HP-3325A 
Synthesizer/Function   Generator.  The   signal   passes      thru  a 

nominal   50    chm    resistor   which   ensures   drive   signal   amplitude 
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matching  between  synthesizer  output  and  the  input  -co  the 
eiectret  driver.  The  drive  signal  is  monitored  on  a  KIKUSUI 
Dual    Channel  Oscilloscope   Model   COS-5060. 

The  detected  or  output  signal  passes  thru  an  ITHACO 
Model-1201  Low  Noise  Preamplifier  and  again  is  monitored  on 
the  remaining  channel  of  the  oscilloscope.  The  output 
signal  continues   to    the   lock-in   anyalyser. 

2 .      Thermal^Electret 

Figure  3.14  is  a  block  diagram  of  the  electronic 
configuration  for  thermal  drive,  eiectret  pick  up  mode  of 
generating    and    detecting   second   sound. 
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Figure   3-14        Theraal/Electret   Electronics   Block   Diagram. 

As    can      easily  be      seen   by      comparing   the      two    block 
diagrams,        there   is      little   difference      in   the      electronics 
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fcetwaen  Electret/Electret  and  Thermal/Electret.  In  fact  the 
only  difference  is  in  the  drive  portion  of  the  circuit.  In 
the  T/E  method  the  ncminal  50  ohm  rasistor  has  been  replaced 
by  the  63  ohm  drive  heater  which  again  maintains  drive 
amplitude  continuity*  Because  the  haating  is  quadratic  in 
the  heater  current  (see  Transducer  Section)  the  lock-in 
which  was  referenced  to  the  synthesizer  frequency  was 
operated  in  the    2nd    harmonic   mode. 

3 .      Thermal/Thermal 

Figure  3.15  is  a  block  diagram  of  the  electronic  set 
up  for  the  thermal  drive,  thermal  pick  up  mode  of  generating 
and    detecting   second   sound. 
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Figure  3.15        Thermal/Thermal   Electronics   Block    Diagram. 

The  electonics   for    the   driva      signal   is   identical  to 
that    of   the  Ther mal/Electre t   mode.        The   second   sound   signal 
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is  detected  by  means  of  the  induced  temperature  swings  in  a 
carbon  resistor  biased  by  a  constant  currant  (2.7  micro- 
amps)  .  The  Thermal  Sound  Bias  Box  (TSBB)  is  the  constant 
current  source  for  the  detection  (thermometer)  resistor. 
The  TSBB  also  has  a  DC  blocking  capacitor  in  the  output 
circuit  to  ensure  that  only  the  AC  component  of  the  signal 
is  passed  to  the  preamplifier.  From  the  preamplifier  the 
signal  is  monitored  by  the  oscilloscope  and  the  lock-in 
simultaneously. 

4.      Line  Loss 

When  the  output  signal  is  electret  generated,  i.e. 
T/E  and  E/E,  the  electret  voltage  output  is  degraded  due  to 
the  capacitance  of  the  lead  between  the  top  of  the  probe  and 
the  preamplifier.  Figure  3.16  is  an  equivelent  circuit 
representing  the   detecting    electret   and  the  preamplifier. 

C(e)  is  the  capacitance  of  the  electret  transducer 
which      is   detecting      the   signal.  For      simplicity    we      have 

defined  the  effective  transducer  to  include  the  capacitance 
of  the  transducer  (85  pf )  plus  the  capacitance  of  the 
coaxial  cable  (155  pf)  which  brings  the  signal  to  the  top- 
plate  of  the  probe.  C(i)  and  H(i)  are  the  input  capacitance 
and  resistance  of  the  preamplifier.  C(l)  is  the  capacitance 
of  the  coaxial  lead  connecting  the  probe  (electret)  and  the 
preamplifier. 

C(i)=   49    pf 

C(l)=    35    pf 

Total*    84   pf 

These  values  were  measured  using  a  HP-426  1A  LCR  Meter, 
therefore, 

Vg(mv)=   V  (output)  (mv)    [(C(3)     +    84)/C(e)]. 


79 


C(e)    =4= 


Figure  3.16        Line  Loss  Circuit   Diagram. 

Because  a  precise  knowledge  of  the  values  of  thesa 
capacitances  was  so  important  to  the  interpretation  of  the 
voltage  measured  at  the  lock-in  in  terms  of  the  voltage  at 
the  defined  "end"  of  the  electret  transducer,  a  special 
technique  was  used  to  measure  the  electret  transducer  capac- 
itance while  the  system  was  under  true  operating  conditions 
i.e.  between  1  and  2  °K.  This  was  accomplished  by  setting 
up  the  circuit  in  Figure  3.17.  This  circuit  maintained  a 
relatively  fixed  voltage  while  the  frequency  was  varied  from 
1kHz  to  10kHz.  The  voltage  (RMS)  and  the  current  were 
recorded  at  each  frequency  and  the  capacitance  at  each 
frequency   was   determined   using   the  following   relationship: 

C=I/2Jlf  V 
The    capacitance      for   all   frequencies    were      averaged   together 
to   give     the  operating  condition   capacitance.  The   typical 

electret   capacitance,        including   the      coaxial  cable     to   the 
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Figure  3-17       Operating     Capacitance   Measurement    Circuit. 

top- plate  was  241.35  ♦  0.41  pf,  where  the  error  is  the  stan- 
dard deviation  of  the  measurements  over  the  range  of 
frequencies. 

5.      Calibration    cf  the    Synthesizer 


It  was  important  to  determine  any  correction  between 
computer  bus  specified  drive  output  and  actual  voltage  which 
appeared  at  the  proper  device  (heater,  electrst,  etc.) .  It 
was  important  to  know  this  correction  net  only  as  a  fuction 
of  drive  voltage  (10  to  150  mv) ,  but  also  as  a  function  of 
drive   frequency    (200    to    150  0   Kz)  . 

First  it  was  noted  that  there  was  less  than  .02% 
difference  in  actual  output  voltage  over  the  frequency  range 
cf  concern.  Next    a      plot    of      bus   specified      drive    voltage 

verses  actual  applied  voltage  was  made,  and  using  the  method 
linear     regression,  the      following      line        equations      for 

synthesizer   output    were   developed. 
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1)  Synthesizer    driving  heater    (T/2   &   T/T) 
V(actual)  =   1.04887    V(syn)     ♦    0.029067 r    =    0-9999937 

2)  Synthesizer    using    nominal   50-ohm    load    (E/E) 
V(actual)  =   0.99319   V(syn)    -    0.28676 r   =    0.9999920 

where   r   is   the    linear  regression   correlation    value. 

(Note:    All   voltages   are   in    milli- volts) 

These  equations  where  then  used  in  the  data  reduction  to 
convert   the   bus    specified  voltage  to    the   actual   voltage. 

6.      In- Line    Filters 

Filters  in  the  ITHACO  preamplifier  and  the  PAH 
lock-in  analyser  were  utilized  to  minimize  extraneous  noise 
sources   due   primarily   to   pump   induced    vibrations. 

The  30  Hz  High  Pass  filter  and  the  10kHz  Low  Pass 
filters  were  utilized  on  the  preamplifier  while  the  50  Hz 
High    Pass   filter   was    utilized   in    the    lock-in   anylyzer. 

As  the  50  Hz  high  pass  of  the  lock-in  dominated  the 
low  frequency  response  and  the  10kHz  low  pass  of  the  pream- 
plifier dominated  the  high  frequency  response,  the  maximum 
system  reciever  response  was  expected  at  a  frequency  which 
was  the  geometric  mean  of  these  values,  or  about  707  Hz. 
This  was  observed  experimentally.  At  700  Hz  the  lock-in 
output   was    0.9997     of  the   calibrated    input.  At    the   lowest 

frequency  of  interest  (4  00  Hz)  this  transfer  function 
dropped  to  0.997  1  while  at  the  highest  frequency  of  concern 
(1.6  kHz)  it  was  0.9914.  These  attenuation  functions  were 
considered   negligible  in  the  interpretation  of   the   results. 
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IV.     RESULTS 

A-       PROCEDURES 
1 .      Cooldown 

Prior  to  the  commencement  of  cooldown,  the  inner 
vacuum  jacket  is  purged  with  air  and  then  evacuated  to  less 
than  2  ramHg.  This  is  important  to  ensure  that  no  helium  gas 
is  in  the  inner    jacket. 

The  probe  is  placed  in  the  experimental  area. 
Liquid  nitrogen  is  then  added  to  the  outer  jacket  to 
commence      the      ccoldcwn.  The   experimental      area      is      then 

evacuated  to  30-100    mmHg. 

The  temperature  of  the  experimental  area  is  moni- 
tored by  three  different  and  independent  methods. 
Quantitative  results  were  obtained  by  monitoring  the  funda- 
mental or  a  harmonic  frequency  of  the  air  filled  resonator. 
This  is  accomplished  by  using  the  HP  3530A  Spectum  Analyzer 
to  drive  and  pick-up  the  resulting  signal  in  the 
Electret/Electret   mode.      The   following   two   equations 

1)  f(n)    =    nc/2    L 

2)  c*   =  tf  RT/H 
results    in 

T(<>   K)    =    2. 48    X   10-5    f(n)2/   n2 
where   the      constant   is  a   result      of    the    length  of      the    reso- 
nator  and  the   previously  presented   thermodynamic    constants. 

The  remaining  two  methods  only  present  trends.  The 
first  is  monitoring  the  attached  carbon  resistor  on  the 
probe.  Although    this     did  not      provide    quantitative      data 

during  the  liquid  nitrogen  cooldown  phase,  it  was  very 
useful  in  determining  the  point  at  which  we  expected  the 
liquid   helium  to     collect  in   the   dewar      during  the   transfer. 
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As  the  temperature  decreases  the  resistance  increases.  The 
remaining  method  is  to  monitor  the  pressure  in  the  inner 
dewar.  Since      the      volume      of      the      inner     dewar      remains 

constant,  the  pressure  will  drop  as  the  temperature  drops  in 
accordance    with    the    Ideal  Gas   Law. 

2-      Liquid    Helium  Transfer 

Once  the  temperature  in  the  experimental  area 
reaches  approximately  85°K  the  transfer  of  the  liquid  helium 
may  commence.  This  transfer  of  the  liquid  helium  from  the 
shipping  dewar  to  the  inner  dewar  is  accomplished  via  a 
transfer   tube. 

The  transfer  tube  is  a  double  walled  stainless  steel 
tube.  A    vacuum     is  maintained      between    the      two    walls     to 

minimize   heat   conduction   to    the   liquid   helium. 

Immediately  prior  to  the  transfer,  the  transfer  tube 
is   purged   with    helium  gas.  This   minimizes  the    possibility 

of  air  and  water  vapor  in  the  tube  condensing  and  forming  a 
plug  in  the  line,  thereby  resticting  or  completly  stopping 
the   transfer. 

The  inner  dewar  is  also  brought  to  atmosheric  pres- 
sure by  bleeding  in  helium  gas  thru  the  helium  purge  valve. 
Once  the  inner  dewar  is  at  atmospheric  pressure,  one  end  of 
the  transfer  tube  is  placed  in  the  shipping  dewar  while  the 
other  end  is  placed  in  the  helium  recieving  tube  on  the  top 
of  the  probe.  The  shipping  dewar  is  then  pressurized  to 
approximately  3  psig  using  helium  gas.  This  commences  the 
transfer. 

3.      Pump  22*11 

Once  the  desired  liquid  helium  level  is  obtained,  keeping  in 
mind  that  during  the  pump  down  the  liquid  helium  level  will 
drop  by  1/3  to  1/2  of  its  original  level  at  the  commencement 
of   pump    down,         the    shipping   dewar  is      vented   concluding  the 
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transfer-  The  transfer  tube  is  removed  from  the  shipping 
dewar  and  the  helium  recieving  tube.  The  helium  recieving 
tube  is  "capped"  using  a  rubber  stopper  and  the  helium  purge 
valve   is  closed. 

The  vapor  pressure  of  the  helium  must  be  reduced  in 
order  to  reduce  the  liquid  helium  temperature.  This  is 
accomplished  by  using  the  15  cfm  vaccum  pump  refered  to  in 
Chapter  III  to  evacuate  the  inner  dewar.  The  isolation 
cross-connect  valve  in  the  manostat  is  opened  allowing  the 
pressure  inside  and  outside  the  membrane  to  remain  equal, 
thereby  allowing  an  unimpeded  flow  path  from  the  inner  dewar 
to   the   vaccum   pump.  Once    the   desired    pressure/temperature 

is  obtained,  the  isolation  cross-connect  valve  on  the 
manostat  is  shut  allowing  the  manostat  to  control  the 
pressure. 

B.       DATA    AQOISITION 

Data  was  obtained  and  analyzed  by  means  of  a  ccmpu- 
taional  algorithm  and  a  data  aquisicion  system.  The  system 
utilized        an        HP-85     desk-top        computer,  an        HP-3325A 

Synthesizer/Function  Generator,  an  EG&G-52Q4  Lock-in 
Anylyzer  and  an  HP-3497A  Data  Aquisition/Control  Unit.  The 
system  automatically  measures  and  tracks  the  center  frequen- 
cies, amplitudes  and  quality  factors  (Q)  of  up  to  9  acous- 
tical resonances.  A  typical  spectrum  was  shown  in 
Figure   3.9. 

An  in  depth  explination  of  the  basis  for  the  data  aqui- 
sition  system  is  contained  in  a  Masters  Thesis  by  D.  Conte 
[Ref.  45].  Due  to  the  fact  that  Conte  describes  a  system  in 
air  and  uses  a  thermistor  for  temperature  monitoring,  slight 
modifications  where  required  to  the  program  for  the  HP-85. 
This    program  is    listed  in  Appendix  A. 


85 


A  short  and  very  basic  discription  of  the  aquisition 
system  follows.  The  HP-85  computer  directly  controls  all  of 
the  equipment,  with  the  exception  of  the  Lock-in  Analyzer, 
via  the  Hewlett  Packard  Interface  Bus  (HPI3;  IEEE  Standard 
488-1975).  The  computer  £ends  a  value  for  frequency  and 
amplitude  to  the  HP-3325A  Synthesizer/Function  Generator, 
which  causes  an  excitation  of  the  acoustic  resonances.  The 
EG5G-5204  is  phased- locked  to  the  HP-3325A  and  generates  a 
D.C.  voltage  which  is  proportional  to  the  Pythagorian  sum  of 
the  amplified  in-phase  and  quadrature  components  of  the 
signal.  This    analog     amplitude   is      sent      to  the      HP-3497A 

which,  when  interrogated,  sends  via  the  HPIB,  a  digitization 
of   the   voltage    level. 

This  system  provided  excellent  results  in  a  minimum  of 
time.  The  chi-squared  minimization  search  utilized  in  the 
program  yielded  precisions  of  better  than  0. 1  percent  in  Q, 
0.01    percent  in    amplitude   and    0.1    ppm   in    frequency. 

C.       DATA   REDUCTION 

Our  computer  controlled  data  acquisition  system 
compiles,  on  magnetic  tape,  all  necessary  electrical  reading 
for  electret-electret  (E/E)  and  theraal-electret  (T/EA  and 
T/EB)      configurations.  The   computer      program    provided     in 

Appendix  B  is  then  used  to  process  this  formatted  "raw" 
data,  which  is  provided  in  Appendix  C.  The  sensitivities 
(MA  and  MB)  of  our  slit-slsctret  transducers  are  then 
computed   using    equations  3.5  to   3.10. 

From  the  reciprocity  computation  of  transducer  sensitiv- 
ities we  are  able  to  determine  the  corresponding  temperature 
oscillation  r.m.s.  amplitude  (  $T»>  ),  which  is  the  ratio  of 
output  voltaga  to  transducer  sensitivity.  The  temperature 
oscillation  that  defines  the  upper  limit  (  $T*)  is  computed 
from      equation    3.19.  The      ratio  of        Jtu      to        $Tr     is     an 
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extremely  important  quantity  in  oar  experiment  since  its 
value  makes  a  definite  statement  about  the  validity  of  our 
computed  thermal  transducer    sensitivities. 

It  should  be  pointed  out  that  the  measurements  obtained 
for  E/E  and  T/E  contain  their  own  values  of  frequency, 
amplitude  and  quality  factor,  with  each  data  set  occurring 
at  essentually  the  same  temperature.  For  our  calculations 
the      average      frequency      and        temperature      are      used.  An 

assemblage   of   reduced  data    is   provided   in    Appendix   D. 

When  looking  at  the  output  of  the  reduced  data  of 
Appendix  D  you  will  find  the  resonant  modal  number  listed 
first.  Eecall  that  the  necessary  electrical  readings  for 
E/E,  T/EA  and  T/EB  were  all  taksn  at  slightly  different 
temperatures  and  therefore  at  slightly  different  center 
frequencies.  The  average  temperature  and  frequency  used  for 
each  calculation  set  is  provided  along  with  their  standard 
deviation.  The  next  item  'is  the  temperature  oscillation 
amplitude  calculated  by  the  reciprocity  method,  followed  by 
the  amplitude  of  the  temperature  oscillation  which  has  been 
determined  to  be  the  upper  limit.  The  ratio  of  these  two 
amplitudes  is  also  provided  at  the  end  of  the  printout. 
Recall  that  the  upper  thermal  oscillation  by  the  thermophone 
principle  required  us  to  drive  the  heater  and  take  the 
output  from  either  electret  A  or  B.  In  our  calculations  the 
output  was  taken  from  electret  A;  however,  the  upper  limit 
has  also  been  calculated  using  the  output  of  electret  B  and 
the  difference  between  the  two  is  listed  (Ua-Ub)  .  Finally, 
the  "slit-elect ret"  sensitivities  are  provided  for  side  A 
and    B. 

D.       EBBOB    ANALYSIS 

The  final  section  of  this  chapter  will  deal  with  the 
inherent   errors    that      are  a    part    of      every    experiment.         The 
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magnitude  of  these  errors  must  be  reasonable  and  scrutinized 
with  our  final  results  to  determine  the  strength  of  our 
analysis.  In  order  to  determine  tha  accumulated  error  which 
exists  in  our  calculated  thermal  transducer  sensitivities  we 
must    recall  equation   3.5    : 

H(A)M(B)     =    [d2"n[  0(11)  Cpf/16][V  (m)n/(V(s)QfCT)   ]    . 
The      factors     that      carry  significant      inherent      errors     are 
second   sound  speed    U  (II) ,      helium   density    ?    ,      specific   heat 
of      helium     Cp,         frequency      f,        temperature      T,         electret 
capacitance  C,    quality   factor   Q   and   ail    voltages. 

From  the  UCLA  thermodynamic  data  [Ref.  21]  we  find  that 
second  sound  speed  is  known  to  within  0.  1%  ,  helium  density 
is  known  to  within  0.45%  and  the  specific  heat  is  known  to 
within  0.2%  .  This  gives  a  total  error  for  these  three 
parameters   of 

[(0.001)2    ♦    (0.0045)2    4.(0.002)*]    =    0.5$. 

From  our  assembled  data  we  have  found  that  the  accuracy  of 
the   remaining   parameters   is    as   follows   : 

frequency    0.5% 

temperature 0.3% 

capacitance 0.2% 

quality   factor 0.6% 

voltages    0.5%   x    sqr(8)    =    1.4% 

The  sqr  (8)  occurs  because  when  equation  3.5  is  used  to 
determine  the  absolute  sensitivity  of  either  transducer  A 
"or"  B  there  are  eight  factors  of  voltage  required.  When 
all  of  the  above  errors  are  combined  the  resulting  total 
error  is   found    to  be    1.7%  . 
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?.    CONCLUSIONS 

A.       VALIDITY  OF    RECIPROCITY    IN    A    QUANTUM    FLUID 

The  absolute  sensitivities  of  the  slit-electret  trans- 
ducers were  determined  using  the  Reciprocity  Theorem.  We 
were  able  tc  make  precise  measurements  of  temperature,  reso- 
nant frequency,  amplitude  and  quality  factor.  Invoking  the 
assumption  that  all  of  the  oscillatory  heat  dissipated  in 
the  heater  was  radiated  as  second  sound,  the  amplitude  of 
the    upper   bound    for   temperature   oscillations   was   calculated. 

The  ratio  of  the  temperature  oscillation  for  the  upper 
bound  to  that  of  reciprocity  is  plotted  as  a  function  of 
mode  number  at  a  temperature  of  1.53  °K  and  is  shown  in 
figure  5.1  as  circled  data  points.  The  dashed  line  exists 
only    as   a   guide    to    the  eye. 

In  calculating  the  circled  data  points  of  Figure  5.1  it 
was  assumed  that  the  thermal  driver  (webbed  heater)  was 
optimally  positioned  directly  against  the  electretted 
endcap.  Since  in  reality  this  would  electrically  short  the 
electret  and  heater,  the  heater  was  intentionally  offset  by 
a  distance     that   was      roughly    measured   to      be   2mm.  We   can 

assume  that   when  our    heater    is    driven    the   resulting   response 
is  reduced   by   a    factor  of 

cos(2nit/L) 
which   accounts      for    the     lower   effective      thermal    impedance, 
where   L   =   50mm,      is    the     resonator   length.         At    any   tempera- 
ture,     the   ratio  of    the   amplitude   of    oscillation    for    any   two 
modes   must   equal   a    constant    such   that 

cos  (mu/25)  /cos  (mux/25)    =    c    , 
where,    for   our    data,    C  is  obtained  by    averaging   the    ratio   of 
upper        limit  to        reciprocity  temperature        amplitude 

oscillations  for   modes  2   and   6   at   all   temperatures. 
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This    gives    us 

C   =    1 .  21  7    ♦    0.  05     . 
When    the   above    transcendental   equation   is   solved    for    "x"    for 
modes    2   and   6   we  find  that 

x  =  1 .7mm 
which  indeed  supports  our  rough  measurement  of  heater 
displacement  (2mm)  *  So  we  see  that  the  effect  of  this 
heater  offset  is  to  reduce  the  circled  data  of  Figure  5-1. 
The  corrected  data  points,  the  Xfs,  in  Figure  5.1  are 
obtained  using  a  displacement  of  2mm  for  ease  of  calculation 
since  the  difference  observed  using  1.7mm  is  insignificant. 
This  then  requires  the  use  of  tne  following  correction 
factor: 

Jt  (corrrected)  /  Jt  (circled)  =  cos  (nil/25)  . 
This  data  is  shown  in  Figure  5.1  and  we  see  that  the  two 
methods  are  in  excellent  agreement.  It  is  important  to  note 
that  Table  IV  shows  only  a  sample  of  corrected  data  taken  at 
T  =  1.53  °K  .  In  actuality,  Figure  5.1  illustrates  the 
corrected  data  for  data  obtained  at  five  different  tempera- 
tures and  for  many  more  data  points.  As  indicated  in  the 
Table,  a  total  of  twelve  data  points  were  used  for  each  mode 
to   obtain  these    truly  representative    ratio    values. 

The  bars  in  the  lower  portion  of  figure  5.  1  represent 
the  ratio  of  the  temperature  oscillation  for  the  lower  bound 
to  that  of  reciprocity.  The  thermal  inertia  of  the  resis- 
tive thermometer,  Kapitza  resistance  [Hef.  22]  and  geometry 
make  the  temperature  oscillation  by  thermometry  a  lower 
limit.  Figure  5.1      shows    that      these      effects    are      indeed 

significant.  Data  which  involved  the  lower  limit  was  not 
required  for  the  quantitative  verification  of  the  utility  of 
the   reciprocity    method  in  a    quantum   fluid. 
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TABLE    IV 
Heater   Displacement   Correction    (T   ■    1.53    °K) 

cos(mt/25)  $TU/$1V  ^W^t;*1 

0.9686  1.057  1.024 

0.9298  1.109  1.031 

0.8763  1.241  1.087 

0.8090  1.195  0.967 

0.7290  1.263  0.921 

averaqe  »>    1.173      >>>    1.006 


mode 

#    pts 

2 

12 

3 

12 

4 

12 

5 

12 

6 

12 

B.       SENSITIVITY    OF    SLIT-ELECTBET    TRANSDUCERS 

By  assuming  that  the  temperature  oscillation  amplitude 
calculated  from  the  thermo phone  heat  current  is  the  true 
oscillation  amplitude,  it  is  possible  to  use  the  temperature 
amplitude  measured  by  the  reciprocity  method  to  determine 
the  specific  acoustic  transfer  impedance,  or  the  reciprocity 
constant  M1  (T)  which  is  the  inverse  of  its  square  root.  The 
points  plotted  in  figure  5.2  and  connected  by  the  dashed 
straight  line  are  the  values  of  M' (T)  calculated  from  the 
UCLA  thermodynamic  data  [Ref.  21]  and  shown  previously  in 
Figure   2.2. 

The  equation  for  the  dashed  line  is  a  least  squares  fit 
to   the   data   between    the   temperatures    of    1.2   to    1.9    °K    : 

tt»  (T)     =    2.  176    T    -    1.775 
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and  the  units  are  (watts1 /2/mm-  °K)  .  The  mean  square  devi- 
ation of  these  fifteen  (15)  points  from  that  line  is  less 
than  0.77c.  The  five  bars  are  the  values  of  M'  (T)  based  on 
all  of  the  thermal  and  reciprocity  measurements  made  at 
those  temperature.  Table  V  is  a  compilation  of  the  data  in 
Appendix  C  used  to  prepare  the  experimental  points  in 
Figure  5.2.  Due  to  the  intentional  redundancy  in  our  tech- 
nique we  were  free  to  mix  various  E/E  and  T/E  data  sets  at 
any  given  temperature.  The  choice  was  random  and  the  number 
of  "mixtures"  for  any  given  temperature  and  mode  number  is 
given  in  the  Table.  The  number  under  the  error  bars  gives 
the  total  number  of  points  used  to  average  M *  at  that  temp- 
erature. The  bars  are  two  standard  deviations  tall, 
centered  around  the  average.  The  dotted  line  connecting 
four  of  the  five  Dars  is  a  guide  to  the  eye.  At  the  present 
time  we  have  no  explaination  for  the  approximate  10% 
discrepancy  shown  in  Figure  5.2,  out  it  does  appear  to  be 
systematic  and  outside  the  limits  of  our  uncertainty  in  the 
experimentally    measured    quantities. 


TABLE 

V 

Experimental  Calibration  Constant   Data 

Temp  (OK) 

#pts 

WXTr 

M'  (M 

H" (avg) 

tt«  (-) 

1.453 

19 

0.844 

1.695 

1.638 

1.594 

1.531 

60 

1.000 

1.652 

1.556 

1  .454 

1.602 

24 

0.871 

2 .  24  6 

1.842 

1.997 

1.808 

10 

0.885 

2.519 

2.  159 

2.365 

1.959 

34 

0.902 

2.86  9 

2.410 

2.500 
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In  conclusion,  we  have  shown,  for  the  first  time,  that 
it  is  possible  to  make  absolute  acoustical  measurements  of 
temperature  oscillations  in  superfluid  helium  using  the 
reciprocity  technique.  Also,  in  addition  to  illustrating  an 
excellent  application  of  the  Conte  system  of  precise  acous- 
tical data  aquisiticn,  we  were  successful  in  measuring 
absolute  temperature  excursions  as  small  as  10~l<> 
OK/(Hz)  l  /2. 

A  sample  of  the  transducer  sensitivities  as  a  function 
of  temperature  and  mode  number  is  shown  in  Figure  5.2.  All 
reduced  sensitivities  are  given  in  Appendix  D.  It  is  worth 
noting  that  these  sensitivities  are  a  factor  of  2.3  (ie, 
240pf/85pf)  smaller  than  the  true  sensitivity  since  the 
"effective  transducer"  was  defined  to  include  the  coax  cable 
which  brought  the  signal  to  room  temperature  [ see  Chapter 
III     (C.U)  ]. 
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AP PENDIX    A 
DATA    AQOISITION    PBOGRAMS 


1)  BJ#2-. Extracts      necassary      electrical      readings; 

calculates    Q,      amplitude   and      cantar    frequency;      formats 
the   output    as  raw   data    (Appendix    C) . 

2)  TMHCAL Monitors  pressure  and  thermometer  resis- 
tance; converts  pressure  to  temperature;  provides  neces- 
sary information  to  determine  thermometer  differential 
resistivity. 

3)  COOLCN While  monitoring   a    specified   resonant    mode, 

this      program      outputs      helium  temperature      due      to      the 
change   in  sound    speed  during   cooldown. 

4)  P   vs     t Monitors    the      performance   of      our    pressure 

(temperature)    regulator. 
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1  DIM  F4(300) .A (300) . C(100) , X8 (26) . X7<26) ,E1 (23) , E2<23) ,E6 (23) ,E7 (23) 

2  CLEAR  9  PRINTER  IS  2  9  OUTPUT  722  : "F4M6" 

3  DISP  "REMOVE  PROGRAM  TAPE  AND  INSTALL  DATA  TAPE"  9  BEEP 

4  DISP  "WHEN  COMPLETED.  ENTER  1" 

5  INPUT  Y 

6  IF  Y  =  l  THEN  7  ELSE  CLEAR  '?  BEEP  9  SOTO  3 

7  CLEAR  i?  BEEP  t?  DISP  "DO  YOU  DESIRE  TO  ERASE  AND  REWIND  TAPE^Y/N!" 
S  INPUT  KSS  IF  KS-"N"  THEN  11  ELSE  9 

9  ERASETAPE  &    GOTO  93 

10  CREATE  Z*. 830,88  9  REWIND  I?  GOTO  12 

1 1  CLEAR  9  BEEP  9  GOTO  97 

12  CLEAR  l?  BEEP  9  GOTO  B992 

13  SETTIME  0,0 

14  DISP  "DO  YOU  WANT  TO  SKIP  DIRECTLY  TO  MEASURE" ( Y/N) " 

15  INPUT  K* 

16  IF  K*-"N"  THEN  83  ELSE  17 

17  CLEAR  *  BEEP 

IB  DISP  "Enter  amp  o-f  driving  -freq  in  mv  < =<3500) RMS" 

19  DISP  "DECIMAL  VALUES  ARE  NOT  PERMITTED" 

20  INPUT  A  !  amp  o-f  freq 

21  IF  A>3300  THEN  CLEAR  9  BEEP  9  GOTO  18 

22  FOR  N=*l  TO  9 

23  AB(N)»A 

24  NEXT  N- 

25  CLEAR  *  BEEP 

26  DISP  "Enter  largest  value  o-f  amp  ever  desired  (=<3500mv  RMS)" 

27  INPUT  Al  !  ma::  -future  amp 

28  IF  Al>3500  THEN  CLEAR  9  BEEP  i?  GOTO  26 

29  !  these  are  the  values  to  set  up  the  3325A 

30  A*=VALS<A) 

31  A2S="AM" 

32  A3*="MR" 

33  OUTPUT  717  :A2S.A*.A3S 

34  CLEAR  i?  BEEP 

35  DISP  "Enter  -full-scale  sensitivity  setting  -from  the  5204  in  vol  ts=FSS/  (PREAMP 
GAIN*MULTIPL) " 

36  INPUT  AS  '  SENSITIVITY  SETTING 

37  CLEAR  9  BEEP 

38  DISP  "Set  and  enter  new  time  constant  (in  milli-sec)" 

40  INPUT  Y 

41  T1=Y 

42  CLEAR  i?  BEEP 

43  DISP  "How  manv  modes  do  vou  desire  to  track  (MAX  OF  9)" 

44  INPUT  M  !  NUMBER  OF  MODES 

45  FOR  N-l  TO  M 

46  CLEAR  i?  BEEP 

47  DISP  "What  is  center  -freq  -for  mode  ":N 

48  INPUT  F6(N)   !  CENTER  FREO 

52  CLEAR  i?  BEEP 

53  DISP  "What  is  the  0  -for  mode  ":N 

54  INPUT  Q(N) 

55  UN) -24 

56  CLEAR  i?  BEEP  J 

57  DISP  "What  is  the  amplitude  o-f  the  center  -freq  -for  "mode  ";N 

58  INPUT  A6(N) 

59  CLEAR  l?  BEEP  *  A6 <N> =A6 (N) /A5 

60  NEXT  N 

61  DISP  "I  am  working  on  standard  dev.  #  o-f  pts.  °<  variance  " 

62  !  From  63  to  82  is  the  calc  o-f  the  noise.  St.  dev..  and  the  number  o-f  pts.  us 
ed. 
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63  G,W-0    I?    H1»-"HZ"    I?    H2*-"FR" 

64  F-<F6(2)-F6C1> > /4+F6<l> 

65  F4S=VALS<F) 

66  OUTPUT  717  ;H2*,F4».H1* 

67  WAIT  TH12+100 

68  OUTPUT  709  ;"vTl" 

69  WAIT  1000 

70  FOR  N-l  TO  100 

71  ENTER  709  ;  A(N) 

72  W-W+ACN) 

73  NEXT  N 

74  W-W/100 

75  FOR  N-l  TO  100 

76  S-<A(N)-W>~2 

77  G-G+S 

78  NEXT  N 

79  G-A5*SQR<G/99) 
.80  W-W*A5 

81  PRINT  "The  mean  is  ";W;"  and  the  standard  dev  is  ";G 

82  GOTO  8100 

83  CLEAR  9    BEEP 

84  DISP  "Enter  lower  -freq" 

85  INPUT  Fl  !  lower  freq 

86  CLEAR  9    BEEP 

87  DISP  "Enter  upper  -freq" 

88  INPUT  F2  !  upper  freq 

89  IF  F2<=F1  THEN  CLEAR  9   BEEP  9    GOTO  87 

90  T-l/ <4*< (F2-F1) /256) )  !  time  constant 

91  CLEAR  <?  BEEP 

92  GOTO  101 

93  DISP  "DATA  FILE  NAME."; 

94  INPUT  ZS 

95  GOTO  10 

97  DISP  "ENTER  NAME  OF  DATA  FILE" 

98  INPUT  Z$e  GOTO  12 

101  DISP  "Set  time  constant  on  5204  at  ";T;"  or  smaller" 

111  DISP  "When  complete,  enter  value  set  (in  Milli-sec)" 

121  INPUT  Tl 

131  IF  TOT*  1000  THEN  CLEAR  9    BEEP  9    GOTO  101 

141  CLEAR  9    BEEP 

151  DISP  "Enter  amp  o-f  driving  -freq  in  mv  (-<3500)RMS" 

161  DISP  "DECIMAL  VALUES  ARE  NOT  PERMITTED" 

171  INPUT  A  !  amp  o-f  -freq 

181  IF  A>3300  THEN  CLEAR  9   BEEP  9   GOTO  151 

182  FOR  N-l  TO  9 

183  A8(N)-A 

184  NEXT  N 

191  CLEAR  9    BEEP 

201  DISP  "Enter  largest  value  o-f  amp  ever  desired  (=<3500mv  RMS) 

211  INPUT  Al  1  max    -future  amp 

221  IF  Al>3500  THEN  CLEAR  9    BEEP  9    GOTO  201 

230  !  these  Are    the  values  to  set  up  the  3325A 

231  AS=VAL*(A) 

232  A2*-"AM" 

233  A3*- "MR" 

240  OUTPUT  717  ;A2*,AS,A3» 

241  WAIT  200 

251  F3-CEIL( (F2-F1) /256)  !  smallest  int  >-  bandwidth 

252  !  SEARCH 

253  !  SEARCH 
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254  !  SEARCH 

261  '     next  group  sends  +req  to  3325A,  and  gets  amp  -from  3497A 

269  CLEAR 

270  DISP  "I  am  working  in  SEARCH" 

271  FOR  N=0  TO  256 
281  F4 (N)-F1+N*F3 

2S2  !  F4(N)  is  -freq  sent 

290  F4$=VALS(F4(N) ) 

291  H1*="HZ" 

292  H2S="FR" 

300  OUTPUT  717  ;H2S,F4*,H1* 
310  WAIT  4tTl+100 
320  OUTPUT  709  ; "VT3" 
330  ENTER  709  ;  A(N) 

350  NEXT  N 

351  !  F5  AND  F6  ARE  SCALE  FACTORS 

352  BEEP 

360  F5=F1-. 1*(F2-F1) 
370  F6-F2+. 1* (F2-F1) 
380  SCLEAR  i?  CLEAR 
390  SCALE  F5.F6.-. 1. 1.2 
400  XAXIS  0,1000,F1,F2 

410  YAXIS  Fl. . 1,-. 1. 1.2 

411  FOR  N-0  TO  256 

413  PLOT  F4(N) ,A(N) 

414  NEXT  N 

415  DISP  "DO  YOU  DESIRE  A  COPV  <Y/N)  "  I?  BEEP 

416  INPUT  K* 

417  IF  KS«"N"  THEN  477  ELSE  418 

418  GCLEAR  9    CLEAR  9    BEEP 

419  DISP  "ENTER  FIGURE  #  TO  BE  PRINTED" 

420  INPUT  L» 

421  PLOTTER  IS  705 

422  PEN  1 

423  SCALE  F1-. 1* (F2-F1 ) , F2+500, -. 3, 1 . 3 

424  XAXIS  0,100,F1,F2 

425  YAXIS  F1..1.0. 1.2 

426  PEN  2 

427  FOR  N-0  TO  256 

429  PLOT  F4(N) , A(N) 

430  NEXT  N 

431  PENUP  <?  PEN  1 

432  LDIR  0,SIN(90>  I?  PENUP 

433  FOR  X-Fl  TO  F2  STEP  200  9    PENUP 

434  MOVE  X,-. 13 

435  LABEL  VALS(X) 

436  NEXT  X  9    PENUP 

440  LDIR  0 

441  FOR  Y»0  TO  1.2  STEP  .1  9    PENUP 

442  MOVE  F1-.05* (F2-F1) , Y 

443  LABEL  VALS(Y) 

444  NEXT  Y  9    PENUP 

450  LDIR  0  I?  PENUP 

451  MOVE  F1+(F2-F1) /3,-.21 

452  LABEL  "FREQUENCY  IN  HZ" 

453  LDIR  0  i?  PENUP 

454  MOVE  F1.-.3 

455  LABEL  "PLOT  OF  RELATIVE  AMPLITUDE  VS  FREQUENCY  (FULL  SPECTRUM) 

456  LDIR  0. SIN (90)  9    PENUP 

457  MOVE  F1-.08* (F2-F1) , .3 
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45B  LABEL  "RELATIVE  AMPLITUDE" 

459  LDIR  0  (?  PENUP 

460  MOVE  F 1+200, 1.2 

461  LABEL  "FIGURE  " : L* 

462  PENUP 

476  PLOTTER  IS  1 

477  CLEAR  9    BEEP 

478  DISP  "Do  you  desire  to  rerun  exp  with  di-f-ferent  par ameters? ( Y/N) " 
480  INPUT  K*  '" 

490  GCLEAR  0  CLEAR  I?  BEEP 

500  IF  K*«*"N"  THEN  510  ELSE  11 

510  DISP  "Enter  decision  point  -for  amplitude  (0  TO  1.2)" 

520  INPUT  A4  !  DECISION  POINT 

530  CLEAR  9    BEEP 

540  DISP  "Enter  -full-scale  sensitivity  setting  -from  the  5204  in  vol  ts=FSS/  (PREAM 

P  GAINtMULTIP) " 

550  INPUT  A5  !  SENSITIVITY  SETTING 

560  PRINT  "Amplitude  in  volts";"    Frequency" 

570  PRINT 

580  FOR  N«0  TO  256 

590  IF  A<NXA4  THEN  630 

600  A(N)=A5«A(N) 

610  PRINT  USING  620  ;  A<N),F4<N) 

620  IMAGE  1X,D.DDDDDDDD. 10X.DDDDDD.DD 

630  NEXT  N 

631  PRINT  USING  632 

632  IMAGE  3/ 

640  CLEAR  9    BEEP 

641  !  SORT 

642  !  SORT 

643  !  SORT 

650  DISP  "How  many  modes  do  vou  desire  to  track  (MAX  OF  9; " 

660  INPUT  M  !  NUMBER  OF  MODES 

670  FOR  N-l  TO  M 

680  CLEAR  I?  BEEP 

690  DISP  "What  is  center  -freq  -for  mode  ";N 

700  INPUT  M(N)   !  CENTER  FREQ 

riO  CLEAR  9    BEEP 

720  DISP  "What  is  -freqwidth  -for  mode  ":N 

730  DISP  "MUST  BE  GREATER  THAN  ";2»F-  \    F3  IS  BW 

740  INPUT  0<N)   !  FRED-WIDTH 

750  NEXT  N 

760  CLEAR 

761  !  From  770  to  960  is  the  -fir3t  rough  try  -for  measuring  (SORT) 

770  FOR  L=l  TO  M 

771  DISP  "I  am  working  in  SORT  -for  mode  ":L 
780  FOR  N=0  TO  25 

790  F4 (N)=M(L)-0(L) /2+N*0(L) /25 
800  F4*=VALS(F4(N) ) 
810  OUTPUT  717  :H2S,F4S,H1S 
820  WAIT  12tTl+100 

830  OUTPUT  709  ; "VT3" 

831  WAIT  50 

840  ENTER  709  ;  A(N) 

850  NEXT  N 

851  BEEP 

860  GCLEAR  9    CLEAR 

870  SCALE  F4(0)-. 1*0(L) ,F4(25)+. ltO(L) ,-. 1. 1.2 

880  XAXIS  0,0(L)/10.F4(0) .F4C25) 

890  YAXIS  F4(0) . . 1.0, 1.2 
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900  FDR  N«0  TO  25 
920  PLOT  F4(N> ,A(N) 
930  NEXT  N 

940  MOVE  F4(0) ,-. 1 

941  LABEL  "MODE  ":L:"  ":F4(0):"  TO  ";F4(2S) 

942  DISP  "DO  YOU  WANT  A  COPY"'    (Y/N)  "  S    BEEP 

943  INPUT  KS  f 

944  IF  KS="N"  THEN  997 

945  GCLEAR  i?  CLEAR  8  BEEP 

946  DISP  "ENTER  FIGURE  tt  TO  BE  PRINTED" 

947  INPUT  L$ 

954  PLOTTER  IS  705 

955  PEN  1 

956  SCALE  F4  (0) -.  2*0  (L)  ,  F4  (25) +.  1  *0  <L)  , -.  3,  1 .  3 

957  XAXIS  0,0<L> /10,F4<0> ,F4(25) 

958  YAXIS  F4(0) , . 1.0. 1.2 

959  PEN  2 

960  FOR  N=»0  TO  25 

962  PLOT  F4(N) ,A(N) 

963  NEXT  N 

964  PENUP  I?  PEN  1 

965  LDIR  0.SINC90) 

966  FOR  X=F4(0)  TO  F4(25)  STEP  OCD/10  IS  PENUP 

967  MOVE  X.-. 13 

968  LABEL  VAL«(X) 

969  NEXT  X 

970  LDIR  0  I?  PENUP 

971  FOR  Y-0  TO  1.2  STEP  .1  £•  PENUP 

972  MOVE  F4(0)-.08*0(L) , Y 

973  LABEL  VALS(Y) 

974  NEXT  Y 

975  LDIR  0  i?  PENUP 

976  MOVE  F4(0)-t-.  1*0(L)  ,-.21 

977  LABEL  "FREQUENCY  IN  HZ" 

978  LDIR  0  i?  PENUP 

979  MOVE  F4(0>-. 1*0(L) ,-.3 

980  LABEL  "PLOT  OF  RELATIVE  AMPLITUDE  VS  FREQUENCY,  MODE  ";L 

981  LDIR  0. SIN (90)  *  PENUP 

982  MOVE  F4(0) -. 17*0 (L) , .3 

983  LABEL  "RELATIVE  AMPLITUDE  " 

984  LDIR  0  e  PENUP 

985  MOVE  F4(0>+. 1*0 (L) , 1.2 

986  LABEL  "FIGURE  " ; LS  @    PENUP  9  PLOTTER  IS  1 
9B7  CLEAR  i?  BEEP 

988  DISP  "Do  you  want  to  change  anything? < Y/N) " 

989  INPUT  KS 

990  IF  KS="N"  THEN  1200  ELSE  1000 
1000  DISP  "Change  sensitivity?   (Y/N)" 
1010  INPUT  K*i?  CLEAR  I?  BEEP 

1020  IF  KS«"N"  THEN  1060 

1030  CLEAR  i?  BEEP 

1040  DISP  "Enter  new  sensitivity  setting" 

1050  INPUT  A5 

1060  CLEAR  <?  BEEP 

1070  DISP  "Change  *  reqwi  dth">     (Y/N)" 

1080  INPUT  KS@  CLEAR  (J  BEEP 

1090  IF  KS="N"  THEN  1120 

1100  DISP  "Enter  new  -freqwidth" 

1110  INPUT  0(L) 

1120  CLEAR  i?  BEEP 
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1130  DISP  "Change  center  freq?   (Y/N) " 

1140  INPUT  KSI?  CLEAR  9    BEEP 

1150  IF  KS="N"  THEN  1180 

1160  DISP  "Enter  new  center  -freq" 

1170  INPUT  M(L) 

1180  GCLEAR  9    CLEAR 

1190  GOTO  771 

1191  !  From  1200  to  1680  is  the  first  try  at  getting  center  +req  and 

1200  CLEAR  i?  GCLEAR  >• 

1201  DISP  "I  am  working  on  -freq  and  0  for  SORT  mode  ":L 
1210  H,B1,B4.H1,H2,H3.H4=0 

1220  B2;B3=50 
1230  FOR  N-l  TD  24 

1240  IF  A<NXA(H)  THEN  1280 

1241  IF  A(N)=A(H)  THEN  1242  ELSE  1250 

1242  PRINT  A(N) 
1250  A6(L)»A(N> 
1260  F6(L)=F4(N) 
1270  H»N 

1280  NEXT  N 

1281  X=A(H> 

1282  Y»(A<H+1)-A(H-1) ) /2 

1283  2=(A<H+1)+A(H-1)-2*X) /2 

1284  F6(L)=-(Y/ (2*Z) ) 

1285  A6<L)=X+Y*F6(L) +  Z*F6<LX2 

1286  F6(L)=F4(H)+F6(L) *  <F4 (H) -F4 (H-l ) ) 
1290  A7<L)»A6(L)/SQR(2) 

1300  FOR  N=0  TO  H 

1310  IF  A7(L)=A(N)  THEN  1410 

1320  IF  A7(LXA(N)  THEN  1370 

1330  IF  A(NXB1  THEN  1450 

1340  B1=A(N) 

1350  H1=N 

1360  GOTO  1450 

1370  IF  A(N)>B2  THEN  1400 

1380  B2=A<N) 

1390  H2=N 

1400  GOTO  1450 

1410  B1,B2»A(N> 

1420  H1.H2=N 

1430  F7=F4(H2) 

1440  GOTO  1470 

1450  NEXT  N 

1451  X-(A7(L)-B1) / (B2-B1) 

1460  F7»X* (F4(H2)-F4<H1) )+F4(Hl) 

1470  FOR  N-H  TO  25 

1480  IF  A7(L)=A(N)  THEN  1580 

1490  IF  A7(L)>A(N)  THEN  1540 

1500  IF  A<N)>B3  THEN  1530 

1510  B3=A(N) 

1520  H3=N 

1530  GOTO  1620 

1540  IF  A(NX=B4  THEN  1570 

1550  B4»A<N) 

1560  H4=N 

1570  GOTO  1620 

1580  B3.B4=A(N) 

1590  H3.H4«=N 

1600  F8=F4(H3) 

1610  GOTO  1640 
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1620  NEXT  N 

1621  X-<A7(L)-B4)  /  (B3-B4) 

1630  FB— (X*  <F4<H4)-F4<H3)  )  >+F4(H4) 

1640  Q(L)«F6(L) / (FB-F7) 

1641  PRINT  "MODE  ":L; 

1642  PRINT  "CENTER  FRED  IS  ":F6(D;"  AND  AMP  IS  ":A6(L)*A5 

1643  PRINT  "0  IS  ":Q(L> 

1650  IF  Bl-0  THEN  1655 

1651  IF  B4«0  THEN  1655 

1652  IF  B2-50  THEN  1655 

1653  IF  B3-50  THEN  1655 

1654  GOTO  1658 

1655  PRINT  "3dB  POINT  NOT  FOUND.  REPEATING  MEASUREMENT.  MODE 

1656  0(L)«2»0(L) 

1657  GOTO  771 

165B  IF  A6  <!_>:■.  3  THEN  1664 
165°  A8<L)=2*A8(L) 

1660  A6 CL)»2*A6 (L> 

1661  IF  ABCLXA1  THEN  1658 

1662  AB(L)-A1 

1663  GOTO  1671 

1664  IF  A6(LX.95  THEN  1671 

1665  A8(L)-A8(L)/2 

1666  A6(L)-A6(L) /2 

1667  GOTO  1664 

1671  CLEAR 

1672  PRINT  USING  1673 

1673  IMAGE  5/ 
1660  NEXT  l_ 

1690  CLEAR  e  GCLEAR 

1691  DISP  "I  am  working  on  time  constant" 

1699  !  From  1700  to  1740  the  largest  Time  Constant  is  found 

1700  FOR  L-l  TO  M 

1701  T (L)«0(L) / (PI*F6<L> ) 

1702  NEXT  L 
1705  T-T(l) 

1710  FOR  L-2  TO  M 

1711  IF  T>T(L)  THEN  1720 

1712  T-T(L) 
1720  NEXT  L 

1750  BEEP  *  CLEAR 

1755  PRINT  "TIME  CONST  >-  ":T»1000 

1760  DISP  "Set  and  enter  new  time  constant  (in  milli-sec)" 

1770  DISP  "MUST  BE  GREATER  THAN  " ; T ;  "  sec" 

17B0  INPUT  Y 

1781  Tl-Y 

1782  IF  25* (T1112+200) M53000  THEN  1783  ELSE  1785 
17B3  D9=INT (25» (Tl *  12+200) /51000) 

1784  GOTO  178e> 
17e5  D9-3 
1786  CLEAR 

1791  PRINT  "*    OF  RAVINES  IS  " : D9 

1792  PRINT  "NEW  TIME  CONST  IS  ";T1 

1793  PRINT  USING  1794 

1794  IMAGE  4/ 

1795  !  MEASURE 

1796  !  MEASURE 

1797  !  MEASURE 
179B  '  MEASURE 

1799  DISP  "I  am  working  on  standard  dev.  *  o-f  ots.  &  variance 
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1800  !  From  1900  to  1924  is  the  calc  o-f  the  noise,  st.  dev.,  and  the  number  o-f  p 
ts.  used. 

1801  G.W-0 

1802  F=<F6(2)-F6<1> ) /4+F6(l) 

1803  F4*=VALS<F) 

1804  OUTPUT  717  ;H2*.F4*.H1S 

1805  WAIT  Tl*12+100 

1806  OUTPUT  709  ;"VT1" 

1807  WAIT  1000 

1808  FOR  N»l  TO  100 

1809  ENTER  709  ;  A(N) 

1810  W»W+A(N) 

1811  NEXT  N 

1812  W=W/100 

1B13  FOR  N-l  TO  100 

1814  S=<A(N)-W)'~2 

1815  G-G+S 

1816  NEXT  N 

1817  G=A5*SQR(G/99) 

1818  w=W*A5 

1819  PRINT  "The  mean  is  ":W 

1820  PRINT  "The  standard  dev  is  ":G 

1821  PRINT  USING  1822 
1B22  IMAGE  4/ 

1825  FOR  L=l  TO  M 

1830  I <L> =2*A6<L> *A5/ <3.3*G> 

1835  PRINT  "NO.  OF  POINTS  FOR  MODE  ";L:"  IS  " : I (L) 

1840  IF  KLX100  THEN  1850 

1B45  I (L)=100 

1850  IF  I  (L) >50  THEN  I860 

1855  I(L)=50 

1860  I  (L)=IP(I (L) ) 

1861  I(L)=24 

1864  PRINT  "NO.  CHOSEN  IS  ";I(L> 

1865  PRINT 

186c  NEXT  L  i 

1B67  CLEAR  ■?  BEEP 

1880  PRINT  USING  1881 

leSl  IMAGE  4/ 

1885  PRINTER  IS  701.132 

18B7  DIM  FSC203 

1B88  F«="C-G  RAVINE" 

1889  GOTO  8999 

1890  PRINT  USING  1891  ;  "TIME" , "TEMP" , "PRES" . "M  #"."C.  FREQ" . " AMP. " . "0" . "SNR" . "D 
-AMP". "#  PT".F* 

1891  IMAGE  4A.5X,4A.6X.5A.4X,3A,6X.7A.9X,4A, 14X. 1A.9X.3A.5X.5A.4X.4A.6X. 10A 

1892  PRINT  USING  1893  ;  "!SEC)"."<  K  ) " , " (HZ) " , " ( Vrms) " . " (mV) " 

1893  IMAGE  5A. 4X . 5A. 25X, 4A, 10X. 6A. 30X. 4A. / 

1895  CLEAR 

1896  '  From  1901  to  END  is  the  calculation  -for  measure  including  center  treq  and 
Q  and  track 

1897  07.Q8-1 

1901  ON  ERROR  GOTO  6000  9    T9=0 

1902  FOR  L=l  TO  M 

1903  DISP  "I  AM  IN  MEASURE  FOR  MODE  ";L 

1906  F1»F6(L)-F6(L) /Q<L) 

1907  F2-F6(L)+F6(L) /Q(L) 

1908  U(L)=(F2-F1 ) /I (L) 

1909  V<L)-(F2-Fl)/2 

1910  H-0  «  09=F6(L) 
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1921  A«=VALS(A8(L) > 

1922  OUTPUT  717  :A2S,AS,A3S 

1923  WAIT  200 

1924  ENTER  722  ;  T6(L) 

1925  IF  L«l  THEN  1929  ELSE  GOTO  7000 

1926  GOTO  2650 

1929  FOR  Y9-0  TO  I (L) 

1930  X8<Y9)=F6<L>+U<L)  *Y9-V(L>  ,- 

1931  F4S»VALS(X8(Y9) ) 

1932  H1S*"HZ" 

1933  H2S="FR" 

1934  OUTPUT  717  ;H2S,F4*.H1* 

1935  WAIT  12HT1+100 

1936  OUTPUT  709  ; "VT3" 

1937  ENTER  709  ;  X7<Y9) 

1938  NEXT  Y9 

1939  ENTER  722  ;  T5<U 

1940  FOR  N=0  TO  I (L) 

1941  F4(N)=X8(N) 

1942  A(N)=»X7(N) 

1943  NEXT  N 

1973  FOR  N-l  TO  I (L) -1 

1974  IF  A(NXA(H)  THEN  1978 

1975  IF  A(N)=A(H)  THEN  1976  ELSE  1977 

1976  PRINT  A(N) 

1977  H=N 

1978  NEXT  N 

1979  X=A(H) 

1980  Y=(A(H+1)-A(H-1) ) /2 
1990  2-(A(H+l)+A(H-l) -2*X) /2 
2000  F6(L)=-(Y/ <2*Z> > 

2010  A6(L)=X+Y*F6(L)+Z*F6<L)~2 

2020  F6(L)=F4(H)+F6(L) » (F4 <H) -F4 (H-l ) ) 

2030  B1,B4.H1.H2,H3.H4=0 

2040  B2.B3=50  ©  PRINTER  IS  701.132 

2290  A7<L)=A6(L) /SQR(2) 

2300  FOR  N»0  TO  H 

2310  IF  A7(D=A<N>  THEN  2410 

2320  IF  A7(LXA(N)  THEN  2370 

2330  IF  ft(NXBl  THEN  2450 

2340  B1=»A(N> 

2350  Hl-N 

2360  GOTO  2450 

2370  IF  AINWB2  THEN  2400 

2380  B2=A(N) 

2390  H2»N 

2400  GOTO  2450 

2410  B1.B2=A(N) 

2420  H1.H2=N 

2430  F7=F4(H2) 

2440  GOTO  2470 

2450  NEXT  N 

2451  IF  B2=50  THEN  PRINT  "COULD  NOT  FIND  3dB  DOWN  PARAMETER"  9  GOTO  6020 

2452  IF  Bl-0  THEN  PRINT  "COULD  NOT  FIND  3dB  DOWN  PARAMETER"  9    GOTO  6020 

2459  X=(A7<!_)-B1  )  /  <B2-B1) 

2460  F7=Xt (F4 (H2) -F4(H1) >+F4(Hl> 
2470  FOR  N=H  TO  I (L) 

2480  IF  A7(L)-A(N)  THEN  2580 
2490  IF  A7(L)>A(N)  THEN  2540 
2500  IF  A(N).-B3  THEN  2530 
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2510  B3=A(N> 

2520  H3*N 

2530  GOTO  2620 

2540  IF  fl(NX-B4  THEN  2570 

2550  B4=A(N) 

2560  H4=N 

2570  GOTO  2620 

2580  B3.B4=A(N>  ,. 

2590  H3.H4=N 

2600  F8=F4(H3> 

2610  GOTO  2631 

2620  NEXT  N 

2621  IF  B3=50  THEN  PRINT  "COULD  NOT  FIND  3dB  DOWN  PARAMETER"  9    GOTO  6020 

2622  IF  B4=0  THEN  PRINT  "COULD  NOT  FIND  3dB  DOWN  PARAMETER"  9    GOTO  6020 

2629  X=<A7(L)-B4> / (B3-B4) 

2630  FB=-<X»  (F4(H4>-F4(H3>  )  >-t-F4(H4> 

2631  Q(L)=F6(L) / (FB-F7) 

2632  FOR  N-l  TO  24 

2633  E6(N)-F4(N) 

2634  E7(N)=A<N> 

2635  NEXT  N 

2641  PRINTER  IS  701.132 

2642  CLEAR 

2643  IF  L»l  THEN  2644  ELSE  GOTO  3420 

2644  15=15+1 

2645  Q9«F6(l)/09 

2646  FOR  N=2  TO  M 

2647  F6(N)=09tF6(N) *08 

2648  NEXT  N  * 

2649  GOTO  3420 

2650  FOR  N=0  TO  M-l 

2651  IF  L=M-N  THEN  Xl-M-N-1  ELSE  2653 

2652  IF  Xl-0  THEN  X  1  »M 

2653  NEXT  N 

2660  FOR  N-l  TO  24 

2661  E1(N)=E6(N) 

2662  E2(N)=E7(N) 

2663  NEXT  N 

2664  E3=A6(X1) 

2665  E4=F6(X1) 

2666  E5-0(X1) 

2677  ! 

2678  ! 

2679  !  VARY  Q 

2680  FOR  B-l  TO  D9 
2685  FOR  K=l  TO  3 

2689  DISP  "I  AM  IN  RAVINE  FOR  0  OF  MODE  " : X 1 ; "  SHOT  ":B:" .  " ; K 

2690  J ( 1 ) *E5 

2700  J (2)-1.005*E5 

2710  J(3)«.995*E5 

2711  R-E3 
2720  E(K)«0 

2730  FOR  N=l  TO  I <X1) 

2740  C(N)»R/  (J  (K)  *SOR(  (El  (N)  /E4-E4/E1  (N)  )~2+<l/J<K>  )~2/  > 

2750  D»(E2(N)-C(N) >A2 

2760  E<K)=E(K)+D 

2770  NEXT  N 

2775  CLEAR 

2780  NEXT  K 

2813  VI  (XI)  —  (  <E(2)-E<3)  )  /  (2*  <E (2) +E <3) -2*E  ( 1  >  )  )  ) 
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2814 

2876 

2877 

2878 

2B79 

2B80 

2881 

2B89 

2890 

2900 

2910 

2920 

2930 

2940 

2950 

2960 

2970 

2975 

2980 

3020 

3030 

3176 

3177 

3178 

3179 

3180 

3181 

3189 

3190 

3200 

3210 

3211 

3220 

3230 

3240 

3250 

3260 

3270 

3275 

3280 

3305 

3306 

3307 

3308 

3309 

3310 

3311 

3312 

3314 

3316 

3318 

3319 

3320 

3321 


3326 
3327 
3328 
3350 


E5=J  (1)+V1  (XI)  *.005*J  (1) 


IN  RAVINE  FOR  AMPLITUDE  OF  MODE 


XI: 


VARY  AMP 
CLEAR 

FOR  K=l  TO 
DISP  "I  AM 
J  < 1 > =E3 
J(2)=1.002*E3 
J(.3)=.998*E3 
E(K)=0 

FOR  N-l  TO  I  (XI) 

C(N)»J (K) /(E5*S0R( (El (N) /E4-E4/E1 (N) ) ~2+  ( 1/E5)  A2)  ) 
D=(E2(N>-C(N) >~2 
E(K)=E(K)+D 
NEXT  N 
CLEAR 
NEXT  K 

VI (Xl)=-( <E<2)-£(3) ) / (2* (E(2)-t-E(3)-2*E(l> ) ) ) 
E3-J ( 1 ) +V1 ( X 1 ) * . 002* J ( 1 ) 


SHOT  , -  " ; B ; " ,  "  :  K 


IN  RAVINE  FOR  FREOUENCY  OF  MODE 


XI: 


!  VARY  FRED 

CLEAR 

FOR  K=l  TO  : 

DISP  "I  AM 

J (1)=E4 

J(2)=.005*E4/E5+E4 

J (3) — ( . 0051E4/E5) +E4 

R=E3 

E(K)=0 

FOR  N«l  TO  I (XI) 

C(N)«R/ (E5*SQR( (E1(N)/J(K)-J(K)/E1(N) > ^2+ < 1 /E5) ~2) ) 

D»(E2(N) -C(N) )^2 

E(K)=E(K)+D 

NEXT  N 

CLEAR 

NEXT  K 

Vl(Xl)=»-(<E(2)-E(3))/<2*  (E(2)+E(3)-2*E(1)  )  )  ) 

E4=J  (D+Vl  (XI)  t.005«J  (1)  /E5 

NEXT  B 


SHOT 


LAST  SHOT  RAVINE  # 
CLEAR 

DISP  "I  AM  IN  LAST  SHOT  R" 
J1=E3 
E*=0 

FOR  N-l  TO  I  (XI) 

C(N)=J1/ (E5*S0R( (El (N) /E4-E4/E1 (N) ) ~2+ ( 1/E5) ~2) ) 
D=(E2(N)-C(N> )~2 
E«E+D 
NEXT  N 
J1=J1*A5 
Y=J1/G 
DIM  GSC1323 
ASSIGN**  1  TO  ZS 
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3360  T4=TIME 

3371  T7=<T5<X1>+T6(X1> ) /2 

3380  P5—  < . 00765* ( (T7-7) /2J ~2> +  . 07055* (T7-7) /2+1 . 6481 

3381  A6<X1)=E3 

3382  F6(X1)=E4 

3383  D(X1)=E5 

3390  PRINT*  1.15-1  :  T4. P5, T7, XI , E4. Jl . E5. Y. A8 <X1 ) , 15-1 , E 

3391  ASSIGN*  1  TO  * 

3392  GS="5D.2X.3D.3D.2X,D.3DE,2X.2D,4X.3DC3D.5D.4X.D.4DE,6xi3D.4D.3X.3DC3D.3X,4D 
.5X.3D.6X.D.4DE" 

3393  PRINT  USING  GS  :  T4, PS. T7. XI . E4. Jl , E5. Y. A8 (X 1 ) , 15-1 . E 
3403  IF  X1=L  THEN  4981 

3405  15=15+1 

3406  IF  Y9<24  THEN  OFF  TIMER*  1  0  GOTO  3407  ELSE  3415 

3407  FOR  YB=Y9  TO  I (L) 

3408  H2*="FR"  <?  H1»="HZ" 

3409  F4S=VAL$(XS(Y8) > 

3410  OUTPUT  717  ;H2*.F4S,H1S 

3411  WAIT  12*T1+100 

3412  OUTPUT  709  : "VT3" 

3413  ENTER  709  ;  A(YB) 

3414  NEXT  Y8 

3415  GOTO  1939 

3420  F4*=VALS(F6(L)> 

3421  IF  L>1  THEN  3422  ELSE  2430 

3422  Q9=F6(L)/09 

3423  IF  L=M  THEN  3427 

3424  FOR  N-L+l  TO  M 

3425  F6(N)=09*F6(N) *Q8 

3426  NEXT  N 

3427  FOR  N-l  TO  L-l 

3428  F6(N)=Q9*F6(N) *Q8 

3429  NEXT  N 

3430  A*=VALS(A8(L) ) 

3431  07.08=1 

3440  OUTPUT  717  :A2S,AS.A3$ 

3450  WAIT  200 

3460  OUTPUT  717  ;H2S.F4«,H1* 

3470  WAIT  Tl* 16+100 

3480  OUTPUT  709  : "VT3" 

3490  ENTER  709  ;  CS(L) 

3491  IF  T9=«  THEN  3492  ELSE  4978 

3492  T9=M+1 

3493  X1=L 

3494  GOTO  2660 
4978  T9»L+1 

4980  CLEAR 

4981  NEXT  L 

4982  PRINTER  IS  701.132 

4983  PRINT  USING  4984 

4984  IMAGE  / 

4995  ! 

4996  ! 

4997  ! 

4998  !  TRACK 
5000  T9«0 

5010  FOR  L-l  TO  M 

5011  DISP  "I  AM  TRACKING  MODE  " : L 
5020  F4*=VAL*(F6(L) > 

5030  AS=VAL*(A8(L) ) 
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3040  OUTPUT  717  ;A2*.AS.A3« 

5041  WAIT  200 

5050  OUTPUT  717  ;H2*.F4S,H1S 

5060  WAIT  Tl* 16+2000 

5061  OUTPUT  709  ; "VT3" 
5070  ENTER  709  :  A9 

5080  IF  A9<=.9*C3(L>  THEN  5110 

5090  IF  A9>=1. 1*C8(L>  THEN  5110 

5100  GOTO  5120  ' 

5110  T9-L 

5120  IF  A9>.3  THEN  5210 

5130  AB(L)=2»A8(L) 

5140  A9=2*A9 

5150  IF  AStLXAl  THEN  5120 

5160  A8(L)=A1 

5170  GOTO  5250 

5210  IF  A9<.95  THEN  5245 

5220  AB(L)=ABCL>/2 

5230  A9=A9/2 

5240  GOTO  5210 

5245  CLEAR 

5250  NEXT  L 

5260  ENTER  722  :  T8 

5270  IF  ABSCTB-T7) >=.2  THEN  1901 

5290  IF  T9<1  THEN  5010 

5301  T4=TIME 

5310  PRINT  "GONE  TO  MEASURE  DUE  TO  AMPLITUDE  AT  TIME  ";T4:"   MODE  " ; T9 

5320  GOTO  1901 

6000  !  ERROR  ROUTINE 

6001  OFF  TIMER*  1 

6010  PRINT  "Error  detected,  mcde  ";L:"  ERRL  =  ";ERRL:"  ERRN  =  " : ERRN 

6020  H=0 

6030  FOR  N-l  TO  I(L)-1 

6040  IF  A(NXA(H)  THEN  6080 

6050  IF  A(N)=A(H)  THEN  6060  ELSE  6070 

6060  PRINT  A(N) 

6070  H=N 

6080  NEXT  N 

6090  IF  0.8=1  THEN  6095  ELSE  6093 

6093  07=Q8 

6095  D8=F4(H) 

6100  Q8=Q8/F6(L) 

6110  Q8=Q8*Q7 

6120  F6(L)*F4(H) 

6121  F4*-VAL*(F6(L) ) 

6122  A*-VAL* (A8(L)  ) 

6123  OUTPUT  717  ;A2*.A*.A3S 

6124  WAIT  200 

6125  OUTPUT  717  ;H2*,F4$,H1S 

6126  WAIT  TH16+2000 

6127  OUTPUT  709  ; "VT3" 

6128  ENTER  709  ;  A9 

6129  IF  A9>.3  THEN  6135 

6130  A8(L)=2*A8(L) 

6131  A9=2*A9 

6132  IF  A8(L)<'A1  THEN  6129 

6133  A8(L)-A1 

6134  GOTO  6139 

6135  IF  A9<.95  THEN  6139 

6136  A3(L>=»AB<L>  /2 
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6137 

6138 

6139 

6140 

6141 

6142 

6143 

6144 

6145 

6146 

6147 

6148 

6149 

6150 

6151 

6152 

6153 

6154 

6155 

6156 

6157 

6158 

6159 

6160 

6161 

6162 

6163 

6164 

6165 

6166 

6167 

6168 

6169 

6170 

6171 

6172 

6199 

6200 

7000 

7001 

7006 

7007 

7010 

7015 

7020 

7025 

8000 

8001 

8005 

8010 

8015 

8016 

8017 

8018 

8019 

8020 

8025 

8030 

B100 

8101 


A9=A9/2 

GOTO  6135 

CLEAR 

OFF  ERROR 

IF  D9>3  THEN  6199 

CLEAR  i?  DISP  "I  AM  GOING  THROUGH  POINTS  FOR  MODE 

OUTPUT  717  ;A2S. A8(L) . A3S 

WAIT  200 

F1=F6(L)-F6(L) /Q(L) 

F2=F6(L)+F6(L) /Q(L) 

U(L)=»(F2-F1)/I  <L> 

V(L)-(F2-F1) /2 

H»0 

FOR  N=*0  TO  I (L) 

F4<N)=F6(L)-HJ<L> *N-V(L> 

OUTPUT  717  ;H2*,F4<N) ,H1* 

WAIT  12JT1+100 

OUTFUT  709  ; "VT3" 

ENTER  709  ;  A(N) 

NEXT  N 

FOR  N=l  TO  I <L> 

IF  A(NXA(H)  THEN  6160 

H=N 

NEXT  N 

IF  H-0  THEN  CLEAR  >?  GOTO  6090 

IF  H=24  THEN  CLEAR  *  GOTO  6090 

X=.707*A(H) 
FOR  N-0  TO  H 

IF    A(NXX    THEN    6168 

NEXT    N 

CLEAR  '?  GOTO  6090 

FOR  N«H  TO  24 

IF    A(NXX    THEN    6172 

NEXT    N 

CLEAR  i?  GOTO  6090 

CLEAR 

ON  ERROR  GOTO  6000 

GOTO  1903 

FOR  Y9=0  TO  25 

X8(Y9)=F6(L)+U(L) *Y9-V(L> 

NEXT  Y9 

Y9»0 

F4»=VALS(X8(Y9> ) 

OUTPUT  717  ;H2$.F4*,H1S 

ON  TIMER*  1,12*T1+100  GOSUB  8000 

GOTO  1926 

IF  Y9>»25  THEN  8025 

OFF  TIMER*  1 

OUTPUT  709  : "VT3" 

ENTER  709  ;  X7(Y9) 

Y9=Y9+1 

H2S="FR"  ir  H1*-"HZ" 

F4*=VAL*(X8(Y9) ) 

OUTPUT  717  ;H2*,F4*,H1* 

ON  TIMER*  1.12*T1+100  GOSUB  8000 
IF  Y9<25  THEN  RETURN  ELSE  8025 

OFF  TIMER*  1 

RETURN 

IF  25* (Tl*12+200) M53000  THEN  8101  ELSE  8103 

D9=INT(25* (Tl* 12+200) /51000) 
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3102 

GOTO  8104 

8103 

D9=3 

8104 

PRINT  "#  OF 

RAVINES  IS  ":D9 

8105 

GOTO  1885 

8990 

CLEAR  *  GCLEAR 

8991 

GOTO  9008 

8992 

DISP  "ENTER 

THE  STARTING  tt  FT  FO 

8993 

INPUT  Y 

8994 

I5=Y 

8995 

GOTO  13 

8999 

DISP  "ENTER 

PREAMP  GAIN"  I?  BEEP 

9000 

INPUT  PS 

9001 

DISP  "ENTER 

FSS  FROM  5204"  i?  BEE 

9002 

INPUT  S* 

9003 

DISP  "ENTER 

MULTIP.  FROM  5204"  9 

9004 

INPUT  MS 

9005 

PRINT  "PREAMP-  ";PS:"   FSS=":SS: 

9006 

PRINT 

9007 

GOTO  1890 

9008 

DISP  "THE  END" 

9009 

END 

BEEP 
'       MULTIP=";MS 
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//////////////////////////////////////////////////////////// 

//////  "TMRCAL":  THERMOMETER  CALIBRATION  /////////////////// 
//////////////////////////////////////////////////////////// 

VALID  ONLY  FOR: 
4mmHg  '    P  <  9mmHg 

REQUIRES  VOLTMETER  C722J 

REQUIRES  BARATR0N-DAU<709> 


20 

30 

40 

50 

60 

70  DIM  R<150) 

80  OUTPUT  709 


PU50)  ,  V<150)  ,T  (150) 
;  "Fl" 

90  OUTPUT  722  ; "Fl" 
100  CLEAR  i?  BEEP  7,300  &    DISP 
WAIT  2500 

i?  BEEP  7,300  i?  DISP  " 

I 

"THERMOMETER  CALIBRATION" 


120 

130  CLEAR 
150  INPUT 
160  PRINT 
170  PRINT 
180  PRINT 
190  PRINT 
200  PRINT 
210  PRINT 


THERMOMETER  CALIBRATION' 


BIAS  CURRENT  (uA) 


'BIAS  CURRENT= 


I: "uA' 


T(K) 


R(KOHM) 


220 


i?  GOTO  360 

'FILE  NAME 


•6  CHAR. ) " 


M     VCV) 
CREATE  DATA  TAPE 
230  CLEAR  I?  BEEP  '?  DISP  "STORE  DATA  ON  TAPE  (Y/N)  " 
250  INPUT  RS  ' 
255  X6=l 

260  IF  RS="N"  THEN  X6=0 
270  CLEAR  i?  BEEP  7.300  i?  DISP 
280  INPUT  F* 
290  DISP 
300  DISP 

310  DISP  "CREATE  A  NEW  DATA  FILE  (Y/N)" 
320  INPUT  RS 
330  IF  R*="N"  THEN  350 
340  CREATE  FS.150,40 
350  ASSIGN*  1  TO  F* 

360  CLEAR  '?  BEEP  7,300  i?  DISP  "FIRST  DATA  PT.  *' 
370  INPUT  A 
380  FOR  M«A  TO  A+149 
390  ENTER  722  ;  P(M) 
400  ENTER  709  ;  V(M) 

IF  M>-2  THEN  402  ELSE  GOTO  410 

IF  ABS(P(M)-P(M-1) X. 1  THEN  448 


401 
402 


410  R(M)»V(M) *. 001/ (It. 000001) 

420  T (M)»-(. 00765* ( (P(M)-7) /2) ^2) +. 07055* (P(M)-7) /2+1.64B1 

430  PRINT  USING  435  ;  M, V (M) , T (M) , R (M) 

435  IMAGE  3D. IX. 1DZ.4D, IX. 1DZ.5D.2X.3DZ.5D 

440  IF  X6#0  THEN  PRINT*  1,M  ;  M, P (M) , V (M) , T (M) , R (M) 

447  GOTO  450 

448  M=M-1 
450  NEXT  M 

460  ASSIGN*  1  TO  * 
470  END 
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1  !  //////////////////////////////////////////////////////////// 

2  !  ///////"COOLDN":  MONITORS  THERMOM  ON  CDOLDOWN  ////////////// 
10  !  "Cool -down"  thermometer  ' 

20  !  program.   Requires  5316 

30  !  counter (#720)  and  3438A 

40  !  multimeter (#723) . 

50 

60 

100  !  Set-up 

110  OUTPUT  720  ^'INWAl" 

120  DISP  "Enter  mode  number" 

130  INPUT  N 

140  PRINT  "  Time    Temp(K)   R(ohms)' 

200  !  Data 

210  ! 

220  TRIGGER  720 

230  TRIGGER  723 

240  ENTER  723  ;  R 

250  ENTER  720  :  F 

260  T=. 00002481 (F*F) / <N*N) 

265  T1=TIME 

270  PRINT  USING  230  ;  Tl.T.R 

280  IMAGE  X.5D,2X,DDD.DD,2X.DDDDD 

290  WAIT  300000 

300  GOTO  220 

400  END 


1.14 


//////////////////////////////////////////////////////////// 


2  I  ///////    "P  vs  f 
10  DIM  P(IOO) 
12  MAT  P=<6.6) 

15  PRINT  "    N 

16  PRINT  USING  17 

17  IMAGE  / 

20  FOR  N»l  TO  100 

25  GCLEAR 

30  TRIGGER  709 

40  ENTER  709 

50  PRINT  USING 

60  IMAGE  2X.3D, 

70  GOSUB  300 

80  WAIT  240000 

90  NEXT  N 

300  SCALE  1, 100.6.: 

305  XAXIS  6.75. 10 

306  YAXIS  1. .05 
310  FOR  1-1  TO  100 
315  DRAW  I.P(I) 
325  NEXT  I 

335  RETURN 
400  END 


PLOTS  PRESS  REGULATOR  TRENDS  //////////// 


TIME 


P(N) 
60    ; 

5X,51 


P (mmHg) 


N.TIME.P(N) 
'.4X.D.DDDD 


,7.  15 
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APPENDIX  B 
DATA  ANALYSIS  COMPUTER  PROGRAMS 


1)  REDUCE Uses  raw  data  to  calculate  upper,  lower  and 

reciprocity  temperature  amplitude  oscillations;  provides 
the  capability  of  entering  raw  data  by  magnetic  tape,  by 
hand  or  a  combination  of  both. 

2)  QUICK Like  REDUCE,   except   no  lower   limits  are 

calculated  and  raw  data  is  entered  only  by  magnetic 
tape;  therefore,  a  much  faster  output  of  reduced  data  is 
obtained  (Appendix  D)  . 

3)  KERRY Extracts  and  prints   raw  data  from  magnetic 

tape  when  a  hard  copy  of  this  data  is  required. 

4)  GETDAT A  short  program  used   to  retrieve  and  print 

thermometer  calibration  data  from  a  magnetic  tape. 

5)  SPLINE Incorporates  the  basic  program  suggested  in 

reference  38  to  compute  absolute  helium  temperature  from 
a  given  pressure. 
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//////////// 
//////////// 
///////////// 
///////////// 


"REDUCE":  He  DATA  REDUCTION  WITH  T/T 

THIS  PROGRAM  DOES  NOT  HAVE  CUBIC  SPLINE  TEMPS 
THIS  PROGRAM  DOES  NOT  HAVE  E/E  INPUT  VOLTAGE  CORRECTION 
THIS  PROGRAM  DOES  NOT  AUTOMATICALLY  TAKE  CARE  OF  THERMO. 


4  ! 
ANT 

5  !  /////////////  TEMPERATURE  SWINGS  ARE  REFERENCED  TO  THERMAL  DRIVE 
10  OPTION  BASE  1 

20  DIM  A<5) ,M(5) .Y(5) ,X(150.2> 

30  DIM  F<40) ,M9(40) .0(40) .T(40> , V0(40) , VI (40) , Y2(40> 

40  !  He  DATA  REDUCTIN  PROGRAM 

50  X4=l 

70  CLEAR  S    BEEP  7.300 

80  IF  X4-1  THEN  100 

90  RETURN 

100  X4-0 

110  DISP  "THIS  PROGRAM  WILL  OBTAIN  UPPER 


CONST 


AND  LOWER  THERMAL  LIMITS  FROM  He  DATA. 
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•RECIPROCITY  CALCULATIONS  ARE 


ALSO  PERFORMED. 


DISP  9    DISP 

122  WAIT  7000 

124  GOSUB  70 

DISP  "DATA  CAN  BE  ENTERED  BY  KEYBOARD   AND/OR  TAPE." 

DISP  9    DISP  "THERMOM.  CALIB. . T/T. E/E. T/E  DATA  WILL  BE  ENTERED: 


(B)  BY  KEYBOARD 


(C) 


130 
132 

134  DISP  t?  DISP 

135  DISP  "    (A)  BY  TAPE 
KEYBOARD  8<  TAPE" 

136  INPUT  L* 

137  IF  L*»"A"  OR  L«-"B"  OR  LS»"C"  THEN  GOTO  138  ELSE  BEEP  70.370  i?  GOTO  135 

138  IF  LS="A"  OR  L*-"C"  THEN  BEEP  *  DISP  "INSERT  DATA  TAPE  FOR  LATER  USE."  i?  WAI 
T  3500 

139  GOSUB  70 

140  DISP  "THERMOMETER  CALIBR.  AND  ALL  He   DATA  SHOULD  BE  ON  THE  SAME  TAPE,  BUT  I 
TS  NOT  REO'D. " 

142  DISP 

150  DISP  "CHANGING  RESONATOR  DEPENDENT     DATA  IS  AN  AVAILABLE  OPTION  IN   THIS  P 

ROGRAM. " 

155  WAIT  8000 

160  GOSUB  70 

170  DISP  "PART  1: FINDING  dR/dT  FROM  THERMOM.  CALIB.  DATA." 

175  WAIT  4000 

180  BEEP  i?  DISP 

190  DISP  "PRINT  TEMP  AND  RESIST  VALUES  ON  INPUT. (Y/N) " 

200  INPUT  RS 

210  X6=0  9    IF  R«-"N"  THEN  232 

220  IF  R*#"Y"  THEN  190 

230  X6=l 

232  IF  L*-"A"  THEN  420 

234  IF  L*-"B"  THEN  2S0 

236  CLEAR 

240  BEEP  7.300  I?  DISP  "TEMP  vs  RESIST  DATA  FROM  KEYBD   OR  TAPE.   CK/T) " 

250  INPUT  RS 

260  IF  R*-"T"  THEN  420 

270  IF  R$#"K"  THEN  BEEP  70,370  (?  GOTO  240 

280  IF  X6#l  THEN  320 

290  PRINT 

300  PRINT  TAB(4) ; "N" : TAB ( 13) : "T(N> ":TAB<27> : "R(N) " 

310  PRINT  TAB (13) ; " (K> ";TAB(26) ; " (KOHM) "  $    PRINT 

315  GOSUB  70 

320  DISP  "HOW  MANY  T&R  DATA  PAIRS.  (2-150)" 

330  INPUT  Ng  DISP 
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340  IF  N>150  OR  N-; 

UB  320 

342  GDSUB  70 

FOR  1=1  TO  N 
FOR  1-1  TO  N 
DISP  "T(" :I; 
INPUT  X(I,1) 


=1  THEN  BEEP  70.370  S  DISP  "INVALID  NUMBER  OF  T&R  PAIRS"  9    GOS 


> 


R<": I: ")=" 

X (1.2) 
IF  X6=l  THEN  PRINT  USING 
IMAGE  4D,3X,3DZ.4D.2X,6DZ 
NEXT  I 

BEEP  5"  WAIT  300  9    BEEP 
DISP  "DATA  ENTERED"  9    WAIT  2000 
BEEP  i?  CLEAR  9    DISP 
INPUT  F* 

FS 

FIRST 


;90 
.  4D 


'RESIST. 


I.X  tl. 1) , X (1.2) 


9    GOTO  610 
CALIB.  DATA  FILE  NAME"; 


460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 

570 

580 

590 

600 

610 

620 

630 

632 

640 

650 

660 

670 

680 

682 

690 

700 

710 

720 

730 

740 

750. 

760 

770 

800 

805 

810 

820 

830 

840 

850 

860 

870 

880 


:FS; "  DATA  PT.*" 


1) . X(N.2> 


350 
352 
360 
370 
380 
390 
400 
402 
410 
420 
430 

440  ASSIGN*  1  TO 

450  BEEP  9    DISP 

INPUT  Kl 

BEEP  i?  DISP  "LAST  "  ;FS;"  DATA  PT.*" 
INPUT  K2 
FOR  N=K1  TO  K2 
READ*  1  ;  N.P,V,X(N, 
NEXT  N 

ASSIGN*  1  TO  * 
IF  X6<>1  THEN  770  ELSE 
PRINT  TAB<4> ; "N";TAB<1 

PRINT  TAB (13) : " (K) " ; TAB (26) ; " (KOHM) " 
FOR  I=K1  TO  K2 

PRINT  USING  390  :  I ,  X  ( 1 ,  1 )  ,  X  ( 1 ,  2) 
NEXT  I 
PRINT 
IF  T=l  THEN  770 

CLEAR  i?  BEEP  9    DISP  "STORE  YOUR!  DATA.  (Y/N) 

INPUT  RS 

IF  RS="N"  THEN  770 

IF  R**"Y"  THEN  BEEP 

DISP  9    BEEP  9    DISP  ' 

INPUT  FS 

DISP  i?  BEEP  i?  DISP  "CREATE  ";FS:"  FILE.    (Y/N) 

INPUT  RS 

THEN  700 
THEN  660 
, 150.24 
TO  FS 

6  DISP  "FIRST  "  ;FS;"  DATA  PT.*" 


T=l 
J)  ;  "T(N> 


TAB(27) : "R(N) 
9    PRINT 


70,370  *  GOTO  610 

FILE  NAME. . . <7  CHARACTERS" 


IF  RS=«"N" 

IF  RS*"Y" 

CREATE  FS 

ASSIGN*  1 

DISP  9    BEEP 

INPUT  Kl 

FOR  M=K1  TO  K2 

PRINT*  1  ;  M.T.R 

NEXT  M 

ASSIGN*  1  TO  t 

SETTING  UP  dR/dT 
Y<1) ,Y(3)=INF  9    Y( 
IF  LS="B"  OR  RS»"K 
FOR  I1»K1  TO  K2 
IF  Y(2XX(I1.1) 
IF  Y(l) >X(I1, 1) 
IF  Y(4XX  (11,2) 
IF  Y(3) >X(I1.2) 
A ( 1 ) -A ( 1 ) + X  ( I  1 . 


, Y  <  4 ) =- 1 NF  9    A  ( 1 ) 
THEN  Kl-1  9    K2=N 


A(2) . A(3) .A(4) ,A(5)=0 


THEN  Y(2)=X (II. 1) 
THEN  Y(1)=X (II. 1) 
THEN  Y(4)=X (11.2) 
THEN  Y(3)=X(I1.2) 
1)  i?  A(2)-A(2)+X  (II.  1)  *X  (II, 


A(4)=A(4)+X(I1,2)*X(I1, 
NEXT  II 


:)  '?  A(5)=A(5)+X  (II 


1)  0  A(3)=A(3)+X (11.2) 

1  ) *X (11,2) 
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385 

890 

900 

910 

920 

947 

950 

960 

EG. 

965 

970 

980 

ATA 

982 

984 

986 

990 

1000 

1010 

1020 

1030 

1035 

1040 

1050 


N-K2-K1+1 

M(1)=A(1)/N  i?  M(2)=»(A(2)-A<1)  *A  <  1 )  /N>  /(N-l)  >?  M(3)=A(3)/N 

M(4)=<A(4>-A(3)*A(3) /N> /(N-l)  9    M(5>  =  (A(5)-A(1)*A(3)/N)/(A<2)-A<1>*A(1WN) 

R5=M(3)-M(1) tM(5) 

GOSUB  70 

!  EXPONENTIAL  REGRESSION  BEGINS 

PRINT  9    PRINT 

0  THEN  CLEAR  9    BEEP  70.370  i?  DISP  "CAN'T  TAKE  LOG  OF  A 


IF  Y(l)<-0  OR  Y(3)< 
TEMP. "  9    GOTO  970 
GOTO  990 
DISP 
DISP  "CHECK  RESIST. 


CALIB.  DATA  AND 


ENTER 


IF  YOU  WANT  TO  ENTER  MEW  D 


<?  Q3=A(5)  9    A(3> .A(4) ,A(5)=0 


INPUT  SS 

IF  SS»"Y"  THEN  315 
IF  SS#"Y"  THEN  980 
Q1=A<3)  i?  02=A(4) 

FOR  I»K1  TO  K2 

T1=LDG(X  (I.  1)  )  l?  T2=L0G<X  (1.2)  )  i? 

A(5)=A(5)+X (I. 1) *T2 

NEXT  I 

N=K2-K1+1 

C=M(5>  9    D=M(3)  I?  E=M<4)  9    F=R5  9 

M(4)=(A(4)-A(3>~2/N> / (N-l)  9    M<5)  = 


A(3)=A(3)+T2  i?  A(4)=A(4)+T2*T2 


M(3)=A(3> /N 

■  (A(5)-A(l)  tA  (3)  /N)  /  (A(2)  -A  (  1)  *A  ( 1 )  /N)  I?  R 


5=M(3)-M(1) tM(5) 


S=M(5) *(A(5)-A(1)*A(3)/N) 
R2=S/ (A (4) -A (3) *A(3) /N> 
PRINT  USING  1090  :  R2 
IMAGE  "CORRELATION  COEFF.=' 
PRINT  USING  1110  ;  EXP(R5). 
IMAGE  "RHAT=".5DZ.4D. "EXP'' 


1060 

1070 

1080 

1090 

1100 

1110 

1130 

1140 

1150 

1155 

1160 

1162  DISP  9 

1170  DISP 

)  " 

1180 

1190 
1192 

1200 

1210 

1220 

1230 

1240 

1250 

1252 

1260 

1270 

1280 

12B1 

1282 

1290 

1310 

1320 

1330 

1340 

1342 


.2DZ.8D. 

M(5) 

.4DZ.4D. 


'T) 


DISP  "CARE  TO  ESTIMATE  A  RESISTANCE.      <Y/N>" 
INPUT  RS 

IF  R»=»"N"  THEN  1390 
IF  RS#"Y"  THEN  1130 
PRINT  I?  PRINT 
BEEP 
WANT  ESTIMATE  AND  RESIDUALS  FOR  ALL  PREVIOUSLY  ENTERED  DATA. 


INPUT  RS 

IF  R*»"N"  THEN  1290 

IF  RS#"Y"  THEN  BEEP  9    GOTO  1170 

PRINT  "   T(I)      R(I)      RHAT 

PRINT 

FOR  I=K1  TO  K2 

Y=FNV(X (I. 1) ) 

PRINT  USING 

NEXT  I 

G8=0  i?  PRINT 

CLEAR  i?  BEEP  '?  DISP 

INPUT  RS 

IF  RS-"N"  THEN  1390 

IF  RS#"Y"  THEN  BEEP 

IF  G8=l  THEN  1310 

PRINT  "     T(I> 

CLEAR  i?  BEEP  9    DISP 

INPUT  T 

Y=FNV(T) 

PRINT  USING  "2DZ.5D.5X.4D;.5D"  ;  T.Y 

GB=1 


(Y/N 


RESID' 


DZ.  3D, 4DZ. 2D, 4DZ. 2D. 4DZ. 3D" 


X (I,  1)  .X (1,2)  , Y, X  (I,2)-Y 


.EST.  FOR  ANY  OTHER  TEMP. (Y/N) 


70,370  i?  GOTO  1260 


RHAT" 
"YOU  WANT  RESIST. 


AT  TEMP. 
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1350 

1360 

1370 

1380 

1390 

1400 

1410 

1420 

1430 

1  440 

1450 

1460 

1470 

1475 

1480 

1490 

1491 

1492 

1493 

1500 

1510 

1520 

1530 

1540 

1550 

1560 

1570 

1580 

1590 

1600 

1605 

1607 

1610 

1620 

1630 

1640 

1650 

1680 

1690 

1700 

1701 

1710 

1720 

1730 

1732 

1740 

1750 

1760 

1770 

1780 

1790 

1800 

1310 

1830 

1840 

1850 

1860 

1862 

1865 

1868 


FROM  T/T  DATA. 


CALIB.  CuA) 


GOTO  1260 

DEF  FNV(X) 

FNV=EXP(R5+M(5) *X) 

FN  END 

GOSUB  70 

DISP  "OBTAINING  EXPRESSION  FOR  dR/dT" 

WAIT  1500 

Y=EXP(R5)  *M(5)  i?  PRINT  9  PRINT 

PRINT  USING  1440  :  Y.MC5) 

IMAGE  "dR/dT=".5DZ.3D, "EXP < " , 4DZ. 4D, "T) 

GOSUB  70 

DISP  "PART  2:  UPPER  J<  LOWER  LIMITS 

1  THE  LOWER  LIMIT  PART 

DISP 

DISP  "ENTER  I (BIAS)  USED  IN  THERMOM 

INPUT  B2 

IF  L*="A"  THEN  1790 

IF  LS«"B"  THEN  1540 

GOSUB  70 

DISP  "TH/TH  DATA  FROM  KEYBD.  OR  TAPE.  <K/T) 

INPUT  RS 

IF  R»-"T"  THEN  1790 

IF  RS#"K"  THEN  1500 

GOSUB  70 

DISP  "FIRST  T/T  DATA  PT.#" 

INPUT  K3 

BEEP  '?  DISP  "LAST  T/T  DATA  PT.#" 

INPUT  K4 

GOSUB  70 

X6.Z, X3=0 

DISP  "WILL  YOU  ENTER  TEMP  OR  PRESS 

INPUT  R* 

FOR  I5=K3  TO  K4 

CLEAR  i?  BEEP  9    DISP  "F("; 15; " > , Vout < 

INPUT  F(IS) ,V0(I5) ,Q(I5> . VI (15) 

IF  X6-1  THEN  1690 

IF  Z  =  l  THEN  1760 

IF  RS=*"T"  THEN  Z=l  i?  GOTO  1760  ELSE  X6=l 

GOSUB  1710 

GOTO  1750 

DISP  "PART  1: FINDING  dR/dT  FROM  THERMOM.  CALIB.  DATA. 

BEEP  i?  DISP  i?  DISP  "ENTER  PRESSURE" 
INPUT  P 

T— (.00765*  < (P-7) /2>~2>+. 07055* (P-7) /2+ 1.6481 
21  =  1 

RETURN 

T(I5)»T  I?  GOTO  1920 

DISP  "T(":I5;")=" 
T(I5) 
GOTO  1920 
70 

T/T  DATA  FILE  NAME. " 
Ft 
"T/T FIRST  ":F*:"  DATA  PT.#" 


VALUES.    (T/P) 


I5:").Q( 


Vi  (' 


15: 


INPUT 
Z  =  l  S 
GOSUB 
DISP  " 
INPUT 
DISP 
INPUT  K3 

DISP  "T/T LAST  ":F*:"  DATA  PT.#* 

INPUT  K4 

X3=0 

ASSIGN*  1  TO  FS 

15=1 
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1B70  FOR  H5«K3  TD  K4 

1880  READ*  1.H5  ;  T1.T.P,M.F,V0,Q.S.V1.H5.C 

1890  T(I5)=T  I?  V0(I5)=V0  *  V1(I5)=V1  $    Q(I5)=Q  9    F(I5)=F 

1920  Y2(I5)=FNU(T(I5) > 

1922  IF  X3=l  THEN  2420 

1930  !  THE  UPPER  LIMIT  PART 

1940  GOSUB  70 

1950  DISP  "NOTE: "; 

1960  DISP  "  (l)RESONATOR  GEOMETRY  I AW. . .  LAB  BOOK  P.: 

1970  DISP  "  (2) CONSTANTS  ARE  REF.  TO  T=  1.65K" 

1980  DISP  8  DISP 

1990  Gl=2.0564  i?  G2=56.406  i?  Cl=.1453  i?  C2=2041  @    C3=1.B67 

2000  DISP  "DIAM. <SQU*D)=":G1: "SQR.  cm" 

2010  DISP  "HEATER  RESIST. ="; G2: "Ohms" 

2020  DISP  "He  DENSITY-" ; CI : "g/cc" 

2030  DISP  "SPEED  <U2>  -■'  s  C2:  "cm/S" 

2040  DISP  "SPEC.  HEAT  (Cp ) =" ; C3: " 3/ (g-K> " 

2050  DISP  i?  BEEP  7.300 

2060  DISP  "CHANGE  ANYTHING  ??  (Y/N)  " 

2070  INPUT  RS 

2080  IF  RS="N"  THEN  2410 

2082  IF  RS#"Y"  THEN  2060 

2090  GOSUB  70 

2100  DISP  "DIAMETER. .. (Y/N) " 

2110  INPUT  RS 

2120  IF  RS«"N"  THEN  2160 

2122  IF  RS#"Y"  THEN  2100 

2130  DISP  "ENTER  DIAMETER:  (cm)" 

2140  INPUT  G 

2150  G1=G~2 

2160  BEEP  i?  DISP  "HEATER  RESIST. .. (Y/N) " 

2170  INPUT  RS 

2180  IF  RS="N"  THEN  2220 

2182  IF  R$#"Y"  THEN  2160 

2190  DISP  "ENTER  HEATER  RESIST:  (Ohms)" 

2200  INPUT  G 

2210  G2=G 

2220  CLEAR  i?  BEEP  &    DISP  "IS  THAT  ALL.  (Y/N)" 

2230  INPUT  R* 

2240  IF  R*="Y"  THEN  2410 

2242  IF  RS#"N"  THEN  2220 

2250  CLEAR  S    BEEP  i?  DISP  "He  DENSITY (Y/N)" 

2260  INPUT  R* 

2270  IF  R*="N"  THEN  2310 

2272  IF  R*#"Y"  THEN  2250 

2280  DISP  "ENTER  He  DENSITY:  (g/cc)" 

2290  INPUT  C 

2300  Cl-C 

2310  CLEAR  ©  BEEP  6-  DISP  "SPEED  <U2) (Y/N)  " 

2320  INPUT  RS 

2330  IF  RS="N"  THEN  2370 

2332  IF  RS#"Y"  THEN  2310 

2340  DISP  "ENTER  SPEED:  (cm/s) " 

2350  INPUT  C 

2360  C2=C 

2370  CLEAR  (?  BEEP  15  DISP  "SPEC.  HEAT (Y/N)" 

2380  INPUT  RS 

2390  IF  RS="N"  THEN  2410 

2392  IF  RS#"Y"  THEN  2370 

2394  DISP  "ENTER  SPEC.  HEAT...  J/(g-K)" 
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2396 

2398 

2410 

2420 

2430 

2435 

2440 

2450 

2460 

2470 

2480 

2482 

2484 

2490 

2492 

2494 

2496 

2500 

2510 

2520 

2530 

2540 

2542 

2544 

2546 

2552 

2554 

2556 

2560 

2570 

2580 

2590 

2630 

2640 

2650 

2660 

2670 

2680 

2690 

2700 

2710 

2712 

2714 

2716 

2718 

2720 

2730 

2740 

2750 

2760 

2762 

2763 

2764 

2765 

2767 

2770 

2780 


INPUT  C 

CZ=C 

X3=l 

15=15+1 

NEXT  H5 

ASSIGN*  1  TO  * 

DEF  FNU(T) 

FNU»M(5) *EXP(R5> *1000*EXP<M<5) *T) 

FN  END 

GDSUB  70 

DISP  "PART  3:  RECIPROCITY"  9  DISP 


IF  LS« 
IF  LS= 
1  THE 
X7.Z1= 


"A" 
"B" 

E/E 
0 


THEN 
THEN 
PART 


2700 
2520 


THEN 

THEN 
i? 


2700 

BEEP 
DISP  ' 


70.370 
FIRST 


i?  GOTO  2494 
E/E  DATA  FT.*" 


DISP  "E/E  DATA  FROM  KEYBD.  OR  TAPE  (K/T) 

INPUT  B* 

IF  B*="T,! 

IF  B**"^ 

DISP  i?  BEEP 

INPUT  K5 

DISP  0  BEEP  *  DISP  "LAST   E/E  DATA  PT.*" 

INPUT  K6 

DISP  6  BEEP  I?  DISP  "ENTER  DRIVER  CAPACITANCE:  <p-f>" 

INPUT  G 

GOSUB  70 

DISP  "WILL  YOU  ENTER  TEMP 

INPUT  R* 

FOR  I5=K5  TO  K6 

CLEAR  i?  BEEP  8  DISP  "F  (  "  ;  15:  "  )  .  Vout  (  ' 

INFUT  FU5)  .  V0U5)  .0(15)  .  VI  (15) 

IF  Zl  =  l  THEN  2650 

IF  RS="T"  THEN  2670 

IF  R**"P"  THEN  2554 

GOSUB  1710 

T(I5)=T  i?  GOTO  2690 

DISP  "TC": 15: ">  =  " 

INPUT  T<15) 

GOTO  2800 

DISP  C-  BEEP  v    DISP  "E/E  DATA  FILE  NAME" 

INPUT  F* 

CLEAR  i?  BEEP  9    DISP  "CAPACITANCE  SIDE  A' 

INPUT  PI 


1R    PRESS  VALUES.   (T/P) 


15: ") ,Q(": 15: 


Vi (": 15: ")=' 


:FS: "  DATA  PT.*' 


BEEP  i?  DISP  I?  DISP  "CAPACITANCE  SIDE  B' 

INPUT  P2 

ASSIGN*  1  TO  F* 

DISP  S'  BEEP  i?  DISP  "E/E FIRST 

INPUT  K5 

DISP  i?  BEEP  i?  DISP  "E/E LAST  ";F*;"  DATA  PT.*" 

INPUT  K6 

DISP  6  BEEP  i?  DISP  "E/E.  .  .DRIVING  SIDE  A  OR  3.  (A/B) 

INPUT  A* 

IF  AS="A"  THEN  G=P1 

IF  AS="B"  THEN  G=P2 

15=10 

FOR  H5-K5  TO  K6 

READ*  1.H5  :  Tl.T.P. 
2790  F(I5)=F  9    V0(I5)=V0  6    Q(I5)=Q  *  V1(I5)=V1  i?  T(I5i 
2795  15=15+1 
2800  NEXT  H5 


U9=P2 
U9=P1 


,F. VO.Q.S. V1.H5.C 
Q(I5)=Q  *  VI (15)= 
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2860  !  DEVELOPING   (MA*MB> 

2892  IF  BS="K"  OR  LS="B"  THEN  2910 

2900  ASSIGN*  1  TO  t 

2910  !  DEVELOPING   MA/MB 

2920  !  ENTERING  T/EA  &  T/EB  DATA 

2930  X6=0 

2940  SOSUB  70 

2941  IF  X6=0  THEN  N*="A" 

2942  IF  X6=l  THEN  NS="3" 

2943  IF  L*="A"  THEN  3100 
7944  IF  L*=»"B"  THEN  3000 
2945  IF  X6=l  THEN  2960 

2950  DISP  "T/EA  DATA  FROM  KEYBD.  OR  TAPE.       CK/TJ "  S    DISP 

2952  IF  X6=0  THEN  2970 

2960  DISP  "T/EB  DATA  FROM  KEYBD.  OR  TAPE.       (K/T) "  i?  DISP 

2970  INPUT  R* 

29B0  IF  R*«="T"  THEN  3100 

2990  IF  RS*"K"  THEN  BEEP  70,370  $    GOTO  2940 

3000  DISP  "FIRST   T/E":N«;"   DATA  PT.#" 

3002  IF  X6=l  THEN  INPUT  K9S  GOTO  3020 

3010  INPUT  K7 

3020  BEEP  i?  DISP  "LAST   T/E":N*:M   DATA  PT.»" 

3022  IF  X6=l  THEN  INPUT  Bl(?  GOTO  3040 

3030  INPUT  K8 

3040  IF  X6-1  THEN  3222 

3042  GOSUB  70 

3050  FOR  I5-K7  TO  KB 

3060  DISP  "Vcut <"; 15: "> . Vi <"; 15: ")=" 

3070  INPUT  V0(I5) . VI (15) 

3080  NEXT  15 

3090  GOTO  3220 

3100  DISP  "T/E":N$;"  DATA  FILE  NAME" 

3110  INPUT  F* 

3120  ASSIGN*  1  TO  FS 

3130  DISP  '?  BEEP  i?  DISP  "T/E":N«:" FIRST  ";F*:"  DATA  PT.*' 

3132  IF  <6=1  THEN  INPUT  K95  GOTO  3150 
3140  INPUT  K7 

3150  DISP  i?  BEEP  '?  DISP  "T/E" :  N*;  " . LAST  ";F*:"  DATA  PT.#" 

3152  IF  X6=l  THEN  INPUT  Bli?  GOTO  3170 

3160  INPUT  KB 

3170  IF  X6»l  THEN  3280 

3175  15-20 

3180  FOR  H5«K7  TO  K8 

3190  READ*  1.H5  :  Tl . T. P. M. F. VO. Q. S, VI , H5. C 

3204  V0(I5)»V0  I?  VI  (15) -VI 

3205  I5-I5+1 

3206  NEXT  H5 

3210  ASSIGN*  1  TO  * 

3220  X6=l  6"  GOTO  2940 

3222  GOSUB  70 

3230  FOR  I5=K9  TO  Bl 

3240  DISP  "Vout (" ; 15; " ) .Vi ("; 15: ")-" 

3250  INPUT  V0(I5) ,V1 (15) 

3260  NEXT  15 

3270  GOTO  3330 

3280  15=30 

3285  FOR  H5=K9  TO  Bl 

3290  READ*  1.H5  :  T1.T.P.M.F,V0.0.S.V1,H5.C 

3300  V0(I5)=V0  i?  VI  (15) -VI 

3305  15=15+1 
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3310 
3330 

3340 
3350 

3354 

3356 

3360 

3370 

3380 

3385 

3390 

3400 

3410 

3412 

3420 

)  ) 

3430 

3435 

3438 

3440 

3445 

3446 

3447 

3450 

3455 

3458 

3460 

3470 

3472 

3474 

3475 

3476 

3477 

3480 

3490 

3492 

3494 

3500 

3510 

3520 

3530 

3540 

3550 

3560 

3565 

3570 


NEXT  H5 
ASSIGN*  1  TO  t 

!  CALCULATIONS 


START . HERE 


PRINT  i?  GOSUB  70 

DISP  "NOW  TO  PUT  IT  ALL  TOGETHER" 

U=0  i?  WAIT  2500 

GOSUB  70 

J5-10  &    J6=20  I?  J7=30 

FOR  15=1  TO  K4-K3+1  >• 

W«IP(F(I5)/100)  !  T/T 

L=»V0(I5)  /  <-<B2*.  000001  !Y2(  15)  )  ) 

VI (I5>=. 0290666667+1. 0488675*V1 (15) 

U=8*Q(I5) *(V1 (15) *.001)"2/ (PI"2*G1 *G2tCl *C2*C3*SQR (2) *W> 

'  E/E 

VI (J5)-.029O666667+1.0488675tVl <J5> 

V0(J5)=V0(J5) *(l+84/U9) 

R0=V0(J5) *W*PI*G1*C2*C3*C1/ (VI < J5) *. 001 *16*F ( J5>  *G* . 000000000001 *0 (J5) *T(JS 

1  T/EA 

VI (J6)=. 0290666667+ 1.04B8675IV1 (J6) 

V0(J6)=»V0(J6>  *  (  1+84/P1  > 

R8=V0(J6) / (VI (J6) *.001)~2 

PRINT  "VI ("; J5; ">="; VI (J5) 

PRINT  "V0("; J5; ")=";V0(J5) 

PRINT  "RO=";RO 

!  T/EB 

VI <J7)=. 0290666667+1. 048B675*V1 <J7) 

VO ( J7>  »V0 ( J7) * ( 1+B4/P2) 

R9=V0(J7) / (VI (J7) *.001)~2 

B8=R8/R9 

H8=(V1  (15)  /Vl  (J6)  )/s2 

H9»(V1 (15) /Vl (J7) )~2 

PRINT  "T/EA Vout/ (Vin)~2=":R8 

PRINT  "T/EB Vout/ (Vin ) ~2=" ; R9 

PRINT  "V(TA> /V(TB)=";B8 

M1=V0(J6) /SG3R(RO*B8> 

li2=V0  ( J7)  «B8/SQR  (R0*B8) 

M1=M1*H8 

M2=M2*H9 

IF  W=0  THEN  U=U+1 

IF  U«3  THEN  4044 

PRINT  I?  PRINT  " 

"LOWER  LIMIT 

"delta 

"delta 

"UPPER 


T(A)  = 
T(B)« 
LIMIT" 


MODE  ":W  6 
:L/. 000001: 
00000 1 : 
000001: 

000001; 


;Mt/ 
;M2/ 
':U/ 


PRINT 
"uK" 
"uK" 
"uK" 

"uK" 


LIMITS. " 
RECIPROCITY 


BEYOND  LIMITS. 


PRINT 

PRINT 

PRINT 

PRINT 

PRINT 

IF  L<=M1  AND  MK=U  AND  L<=M2  AND  M2<=U  THEN  PRINT  "MODE  ";W:"  HAS  CORRECT  D 
ISTRIBUTION. " 
3575  IF  L>U  THEN  PRINT  "MODE  ":W: 

3580  IF  flKL  OR  Ml  >U  THEN  PRINT  "MODE 

3581  PRINT  "ABS.  SENS. (A) =" : SOR <R0*B8> 

3582  PRINT  "ABS.  SENS. (B) -" ; SQR (R0»B8) /B8 
3585  FOR  1-1  TO  32 
3590  PRINT  "*": 
3595  NEXT  I 
4042  IF  U#3  THEN  4046 
4044  I5=K4 

4046  J5=J5*1  i?  J6-J6+1  S'  J7=J7+1 
4050  NEXT  15 


HAS  REVERSED 
" ;W;"  HAS 
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4052 

IF  U=3  THEN  BEEP 

4062 

GOSUB  70 

4064 

FOR  1=1  TO  5 

4070 

DISP 

4080 

NEXT  I 

4090 

DISP  TABU1)  ;  "TH 

5000 

END 

P0.370    9    DISP    "NO    MORE    DATA." 


"THAT'S    ALL" 
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1  !  /////////////////////////////////////////////////////////// 

////////  QUICK He  DATA  REDUCTION  ///////////////////// 

/////////  THIS  PROGRAM  HAS  ALL  CORRECTIONS  AS  OF  7  SEP  S3 
//////////////////////////////////////////////////////////// 

10  OPTION  BASE  1 

30  DIM  F(40) . G(13) .0(40) ,T(40) . V0(40> .VI (40) . K(13) . B(25) ,Z(29) ,0(4) 

35  INTEGER  I.J.K 

3S  US="X" 

39  !  ////////  SETTING  UP  (40-100)  //////// 

40  CLEAR  e  BEEP  ©  DISP  "DO  YOU  DESIRE  COLUMN  HEADINGS." 
42  INPUT  VS 

44  IF  VS#"Y"  AND  V*#"N"  THEN  40 

50  X4=l 

70  CLEAR  i?  BEEP  7,300 

72  IF  X4=l  THEN  76 

74  RETURN 

76  X4=0 

82  DISP  "CHANGING   'ONLY'   DATA  POINTS  ?  (Y/N)" 

84  INPUT  Pt9     IF  P*="Y"  THEN  108 

86  IF  PS#"N"  THEN  CLEAR  i?  GOTO  32 

92  CLEAR  9    BEEP  i?  DISP  "E/E  AND  T/E  DATA  WILL  BE  ENTERED:"  9    DISP  *  DISP 

94  DISP  "    (A)  BY  TAPE  (B)  BY  KEYBOARD" 

96  DISP  "    (C)  BY  KEYBOARD  S,  TAPE" 

97  INPUT  LS 

98  IF  L»="A"  OR  L*«"B"  OR  LS="C"  THEN  GOTO  100  ELSE  BEEP  70.370  9    GOTO  92 

100  IF  L*="A"  OR  LS»"C"  THEN  CLEAR  9    BEEP  <?  DISP  "INSERT  DATA  TAPE."  V    WAIT  4500 

101  !  ////////  INPUT  (102-116)  //////// 

102  CLEAR  i?  BEEP  I?  DISP  "ENTER  FOUR  ARGUEMENTS" 

104  DISP  i?  DISP  i?  DISP  "   RUN  #.  FILE  NAME.  CAP'S   A.B" 

106  INPUT  R.F*.P1.P2 

108  CLEAR  9    BEEP  IS  DISP  "ENTER  3  PAIR  OF  DATA  END-POINTS  (6  ARGUEMENTS)  FOR:" 

110  DISP  9    DISP  ■    E/E.  T/EA,  T/EB" 

112  INPUT  K5.K6.K7.K8.K9.B1 

114  DISP  i?  BEEP  9    DISP  "DRIVING  SIDE  A  OR  B  ?■ 

116  INPUT  A* 

230  X6=l 

904  DISP  i?  DISP 

1930  •  ////////  SOR.  AREA  S,  RESISTANCE  //////// 

1990  Gl=2.0564  9    G2=56.406 

2410  X3=l 

2720  ASSIGN*  1  TO  F* 

2725  !  ////////  SET  CAPACITANCE  //////// 

2730  IF  A«="A"  THEN  G»P1  9    U9=P2 

2740  IF  A*«="B"  THEN  G=P2  9    U9=P1 

2750  15=10 

2760  IF  U*«"Y"  THEN  2770 

2765  Y=0 

2769  !  ////////  READ  E/E  DATA  //////// 

2770  FOR  H5=K5  TO  K6 

2780  READ*  1 . H5  ;  Tl . T. P. M. F. VO. 0, S. VI . H5. C 

2785  CLEAR  9    DISP  "IN  SEARCH  OF. .. TEMPERATURE"  9    GOSUB  6000 

2786  Y=4 

2790  F(I5)=F  I?  V0(I5)«=V0  i?  Q(I5)=Q  9    V1(I5)=V1  9    T(I5)=T 

2795  15-15*1 

2800  NEXT  H5 

2900  ASSIGN*  1  TO  t 

2930  X6=0 

2941  IF  X6=0  THEN  N*="A" 
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2942  IF  X6=l  THEN  N*="B" 

3120  ASSIGN**  1  TO  F* 

3170  IF  X6=l  THEN  3280 

3175  15=20  i?  Y-4 

3178  '  ///////  READ  T/EA  DATA  //////// 

3180  FOR  H5=K7  TO  KB 

3190  READ*  1.H5  ;  Tl , T. P, M. F, VO. Q. S. VI . H5. C 

3195  CLEAR  &    DISP  "GONE  FISHIN'  FOR. .. TEMPERATURE"  I?  GOSUB  6000 

3204  V0(I5)=V0  i?  V1(I5)=V1  8  T(I5>=>T  8  F(I5)=F  i?  Q(I5)=Q 

3205  15=15+1 

3206  NEXT  H5 

3210  ASSIGN**  1  TO  * 

3220  X6=l  I?  GOTO  2941 

32B0  15=30  @  Y=4 

3283  !  ////////    READ  T/EB  DATA  //////// 

3285  FOR  H5=K9  TO  Bl 

3290  READ**  1 ,  H5  ;  Tl ,  T.  P,  M.  F,  VO.  0.  S.  VI .  H5.  C 

3295  CLEAR  9    DISP  "WAIT. .. FINDING  TEMPERATURE"  8  GOSUB  6000 

3300  V0(I5)=V0  i?  V1(I5)=V1  6"  T(I5)=T  i?  F(I5)=F  I?  Q(I5)=Q 

3305  15=15+1 

3310  NEXT  H5 

3320  ASSIGN*  1  TO  * 

3330  !  ////////    SET  HEADINGS  (3331-3362)  //////// 

3331  PRINTER  LS  701.132 

3332  PRINT  CHRS  (27)  S<"!<k2S" 

3334  IF  V*="N"  THEN  PRINT  I?  GOTO  3345 

3340  PRINT  i?  GOSUB  70 

3342  PRINT  TAB(5B);"RUN  #    ";R 

3344  PRINT  TAB (56) : "DATA  REDUCTION"  i?  PRINT  0  PRINT 

3345  PRINT  "  E/E   ( " ;K5:"  TO  ";K6:">  " 

3346  PRINT  "  T/EA  (":K7:"  TO  ":KS:">      ":"T/EB  <";K9:"  TO  ";B1:")" 

3347  IF  V*="N"  THEN  PRINT  i?  GOTO  3365 
3350  BS="Ua  -  Ub" 

3353  PRINT  <?  PRINT  USING  3354  ;  "T" , "r" , "F" , "r" , "STr " , "STu" . B*. "S ( A) » . "S (B) " , "ST 
u/STr". ">1" 

3354  IMAGE  10X.1A. 11X.1A.2<10X.1A) , SX.  3A. 9X,  3A, 7X, 7A. 2 C9X, 4A)  ,8X,7A,7X,2A 

3355  PRINT  USING  3356  :  "avg" , "avg" , "avg" 

3356  IMAGE  9X. 3A. 20X. 3A, 30X, 3A 

3357  PRINT  USING  3358  ;  "MODE" .  " <K) " , " <K) " , " (Hz ) " , " <H= ) " , " (uK) " . "  (uK)  " , " (uK) " , " ( 
V/K) ", " (V/K) " 

3358  IMAGE  4A. 5X, 3A, 9X. 3A, 2 (7X , 4A)  ,  6X. 4A. 2 (8X, 4A> , 10X. 5A, 8X . 5A 

3360  FDR  1=1  TO  132 

3361  PRINT  "_"; 

3362  NEXT  I 

3363  IF  U*="Y"  THEN  3365 

3364  U7=0 

3365  J6=20  I?  J7=30 

3366  !  ////////  CALCULATIONS  //////// 

3367  FOR  J5=10  TO  K6-K5+10 

3370  W=IP(F(J5) /200)   !  MODE 

33B5  VI (J6)=. 0290666667+1. 04B8675*V1 (J6> 
3388  W9-0  i?  GOSUB  7000 

3390  U=8*0(J6) * (VI (J6) *. 001)^2/ (PI^2*G1 *G2*C1 *SQR (2) *W)  !  STu(A) 

3392  W9-2  i?  GOSUB  7000 

3400  UB=B*Q(J7) *(V1 (J6) t. 001)^2/ (PI^2*G1 *G2*C1 *SOR (2) *UJ)  !  STu(B) 

3410  VI (J5)=-.2B676+.99319*V1 (J5) 

3412  V0(J5)=V0(J5) t (1+84/U9) 

3415  W9=l  l?  GOSUB  7000 

3417  !  ////////  PROD,  o-f  SENS's  //////// 

3420  R0=V0(J5) *W*PI*G1*C1/ (VI  <J5>  *.001*16*F ( J5) *Gt. 000000000001 *0 (J5> *T( J5) ) 
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st.  dev.  TEMP 


St.  dev.  FRED 


3438  V0(J6)=V0<J6) * (1+84/P1) 

3440  R8=V0(J6) / (VI (J6) *. 001)~2 

3450  !  T/EB 

3455  VI (J7)=. 0290666667+1. 0488675*V1 <J7) 

3458  V0(J7)=V0(J7> * (1+84/P2) 

3460  R9=V0(J7) / (VI (J7) *. 001)~2 

3470  8B=RB/R9 

3472  H8=l 

3474  H9=(V1 (J6)/V1 <J7) )~2 

3480  M1=V0(J6) /SQR(R0*B8)  !  ST(A) 

3490  M2=V0(J7) *B8/SQR(R0*BB>  '  ST(B) 

3492  M1=M1*HB 
3494  M2=M2*H9 

3496  S1=SQR(R0*B8)  !  ABS.  SENS.  (A) 

3498  S2=SQR(R0*B8> /B8  !  ////////  ABS.  SENS. (B) 

3520  F1=(F(J5)+2*F<J6)+2*F(J7) > /3 

3530  T=(T<J5>+T(J6)+T(J7) )/3 

3532  C3=SQR< CT < J5) ~2+T < J6> ~2+T C J7) ~2) /3-T~2)  !  

3534  S8=(U+U8)/2  !  avg  STu 

3535  C4=SQR(  (F ( J5> ~2+ <2*F < J6)  )~2+<2*F(J7)  )~2)  /3-Fl~2)  !  

3536  IF  M2<=SB  THEN  H*="YES" 

3537  IF  M2>S8  THEN  H*="N0" 

3539  S9=U-UB 

3540  !  ////////  OUTPUT  //////// 

3541  PRINT  USING  3550  ;  Id, T, C3, Fl . C4. M2/ . 000001 . SB/ . 000001 . 39/ . 000001 . SI , S2, SB/M 
2.H* 

3550  IMAGE  3D,  2  <5X .  ID.  4D)  .  4X.  4D.  3D.  4X.  ID.  33.  3  <4X ,  4D.  3D)  .  7X .  3D.  2D.  7X .  3D.  2D.  7X.  3D. 

3D.7X,3A 

4046  J6=J6+1  I?  J7=J7+1 

NEXT  J5 

CLEAR  i?  BEEP  @  DISP  "MORE  DATA" 

INPUT  US©  IF  U*«"Y"  THEN  40 

IF  U*#"N"  THEN  4052 

CLEAR 

FOR  1*1  TO  5 

DISP 

I 

i?  DISP  TAB(  11)  :  "THAT'S  ALL" 

END 

1  ////////  CUBIC  SPLINE  TEMP  SUBR.  //////// 

IF  Y=»4  THEN  6080 

FOR  I=»l  TO  29 


4050 

4052 

4054 

4056 

4060 

4064 

4070 

4080  NEXT 

4090  BEEP 

5000 

5999 

6000 

6020 

6030 

6040 

6050 

6060 

6070 

6080 

6110 

6120 

6130 

6140 

6150 

6160 

6170 

6180 

6190 

6200 

6210 

6220 


READ  Z  ( I ) 

NEXT  I 

FOR  1  =  1  TO  25 

READ  B(I) 

NEXT  I 

P-PtlOOO 

P=LGT(P) 

Tl-1  9    T2=4.215 

X=<T1+T2> /2 

1=0  @  J=22 

K-<I+J) /2 

IF  J-K-l  THEN  6200 

IF  X>Z(K+4)  THEN  6190 

J=K  i?  GOTO  6150 

I«K  £  GOTO  6150 

FOR  1=1  TO  4 

D<I)=B(I+J-1) 

NEXT  I 
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6230  FDR  K-l  TO  3 

6240  FOR  1=1  TO  4-K 

6250  P8=X-Z (I+J+K-l) 

6260  P9=Z(I+J+3)-X 

6270  P3=l/ (Z<I+J+3>-Z (I+J+K-l) > 

6280  D<I>=<P8*D<I+1)+P9*D(I> ) *P3 

6290  NEXT  I 

6300  NEXT  K 

6310    IF    ABS<DU>-PX.0001    THEN    6370 

6320  IF  D<1)>P  THEN  6350 

6330  T1  =  X 

6340  GOTO  6130 

6350  T2=X 

6360  GOTO  6130 

6370  T=X 

6380  RETURN 

6390  DATA  1.1.1.1 

6400  DATA  1. 15105499. 1.2876575. 1.43202085, 1.59832713, 1.74054982. 1.8995936 

7899 

6410  DATA  2. 17601406.2. 18321995.2.28846654.2.57937753.2.74048335.2.889599 

057357 

6420  DATA  3. 1S965645. 3. 34056636. 3. 47966198. 3. 63056679, 3. 7796601 1 . 3. 920276 


1.2. 101 
32.3.04 
24.4.07 


6430  DATA  4.125,4.125.4.125.4.125 

6440  DATA  2. 0792053. 2. 2904182. 2. 641 18049. 3. 06764295. 3. 43487191 . 3. 74460242. 4. 0167 

357 

6450  DATA  4.26906294.4.45301104.4.55807916.4.62414591,4.76041382.4.92371929.5.07 

893104 

6460  DATA  5. 1882901 1 . 5. 28706835. 5. 37948565, 5. 46374572, 5. 54338324 , 5. 61826745. 5. 6e 

927627 

6470  DATA  5.75653645.5.82003175.5.86106883.5.88081358 

6999  !  ////////  THERMODYNAMIC  CONSTANT  SUBR.  //////// 

7000  IF  U7=l  THEN  7080 
7020  FOR  1=1  TO  13 
7030  READ  G(I) 

7040  NEXT  I 

7050  FOR  1=1  TO  13 

7060  READ  K<I) 

7070  NEXT  I 

7080  IF  W9=0  THEN  W5=T(J6) 

7090  IF  W9=l  THEN  W5=T(J5) 

7095  IF  W9=2  THEN  W5=T(J7) 

7100  FOR  1=1  TO  13 

7110  IF  W5<B<I)  THEN  7145 

7140  NEXT  I 

7145  L=I 

7150  C1=>K(L-1)-<K(L-1)-K(L) ) / (G(L-l)-G(L) ) * (S(L-l)-WS)   !  LINEAR  INTERPOL 

7155  U7=l 

7160  RETURN 

7170  DATA  1.4. 1.45,  1.5,  1.55.  1.6, 1.65. 1.7. 1.75. 1.8. 1.85, 1.9. 1.95.2 

7180  DATA  223. 61 . 274. 73. 333. 03, 399. 27. 472. 97. 554. 27. 643. 58, 738. 02, 837. 52. 939. 43 

7190  DATA  1039.44,1133.34,1213.43 
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1  !  //////////////////////////////////////////////////////////// 

2  !  ////////  "KERRY":  TRANSFERS  DATA  FROM  TAPE  TO  PRINTER  ////// 

3  !  //////////// //////////V /////////////////////////////// ////// 

10  CLEAR  i?  PRINTER  IS  701.132 

20  DISP  "REMOVE  PROGRAM  TAPE  AND  INSTALL  DATA  TAPE"  *  BEEP 

30  DISP  "WHEN  COMPLETED.  ENTER  1" 

31  INPUT  Y 

32  IF  Y=l  THEN  300  ELSE  CLEAR  @    BEEP  S    GOTO  30 

40  FS="C-G  RAVINE" 

41  PRINT  USING  50  ;  "TIME" , "TEMP" , "PRES" , "M  *"."C.  FREQ" , " AMP" . "0" , "SNR" , "D-AMP" 
. "*  PT",FS 

50  IMAGE  4A.5X.4A.6X.5A.4X.3A.6X.7A.9X.4A. 14X, 1A.9X.3A.5X.5A.4X.4A.6X, 10A 

60  PRINT  USING  70  ;  " (SEC) " , " (K) " , " (HZ) " , " ( VRMS) " , " (mV) " 

70  IMAGE  5A.4X.5A.25X.4A, 10X.6A. 

GO  PRINT 

90  BEEP  <i    CLEAR  I?  DISP  "DATA  FILE  NAME"; 

100  INPUT  HS 

110  ASSIGN*  1  TO  HS 

120  BEEP  i?  DISP  "FIRST  ":HS;"  PT  #" 

130  INPUT  Kl 

140  BEEP  i?  DISP  "LAST  ":HS:"  PT  #" 

150  INPUT  K2 

160  FOR  N=«K1  TO  K2 

170  READ*  l.N  ;  Tl . T, P. M, F. VO. 0. S, VI , N. C 

180  IMAGE  5D.4X.D.3D.4X.D.3D.5X,2D,6X,4D.3D,6X,D.4DE,7X,3D.3D.2X,2DC3D.2D.2X,4D. 
D,4X.3D.7X.D.4DE 

181  PRINT  USING  180  :  Tl , T, P. M, F. VO. Q. S. VI , N. C 

190  IF  N=»K2  THEN  192  ELSE  191 

191  NEXT  N 

192  BEEP  i?  DISP  "DO  YOU  WANT  TO  LOOK  AT  MORE  DATA-1  Y/N" 

193  INPUT  Z 

194  IF  Z=Y  THEN  300  ELSE  GOTO  195 

195  ASSIGN*  1  TO  * 
200  END 

300  DISP  "ENTER  PREAMP  GAIN"  8  BEEP 

310  INPUT  PS 

320    DISP    "ENTER    FSS    FROM    5204"    I?    BEEP 

330    INPlJT    SS 

340  DISP  "ENTER  MULTIP  FROM  5204"  i?  BEEP 

350  INPUT  MS 

360  DISP  "ENTER  TRANSMIT/RECEIVE"  i?  BEEP 

370  INPUT  KS 

380  DISP  "ENTER  RUN  NUMBER"  I?  BEEP 

390  INPUT  ZS 

400  DISP  "ENTER  FIG  NUMBER"  9    BEEP 

410  INPUT  WS 

415  FOR  1-1  TO  132 

416  PRINT  "*"; 

417  NEXT  I 

420  PRINT  "PREAMP=" :PS. "FSS=" :S*. "MULTIP=" : MS, KS, "RUN*": ZS. "FIG*": WS 
430  PRINT 
440  GOTO  40 
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1  !  ///////  "GETDAT" :  PULLS  THERMOM  CAL  DATA  FROM  TAPE  ///////// 

2  !  //////////////////////////////////////////////////////////// 
10  ASSIGN*  1  TO  "DATA11" 

20  FOR  I»l  TO  8 

30  READ*  1,1  :  I„P,V,T.R 

40  PRINT  USING  45  ;  I,V,T,R 

45  IMAGE  3D. IX, 1DZ.4D. IX, 1DZ.5D.2X.3DZ.5D 

55  NEXT  I 

65  ASSIGN*  1  TO  * 

75  END 


131 


6000 

6001 

6005 

60 1 0 

6020 

6030 

6040 

6050 

6060 

6070 

6072 

6074 

6076 

6077 

6078 

6079 

6080 

6110 

6120 

6130 

6140 

6150 

6160 

6170 

6180 

6190 

6200 

6210 

6220 

6230 

6240 

6250 

6260 

6270 

6280 

6290 

6300 

6310 

6320 

6330 

6340 

6350 

6360 

6370 

6372 

6373 

6374 

6376 

6378 

6380 

6382 

6384 

6390 

6400 

7899 

6410 

0573 

6420 


p 

i?  DISP  ' 

'INPUT  EXPECTED  TEMP"  8    INPUT  T8 

|?  DISP 

PRESS 

TEMP        TEMP" 

(TABLE)      (SPLINE)" 

1  ////////     "SPLINE":  CUBIC  SPLINE  TEMP  FROM  PRESS  ///////// 

!  ///////////////////////////////////////////////////////// 

DIM  B(25) .2 (29) ,D<4> 

INTEGER  I.J.K 

FOR  1=1  TO  29 

READ  Z  ( I ) 

NEXT  I 

FOR  1=1  TO  25 

READ  B(I) 

NEXT  I 

CLEAR  5  BEEP  e  DISP  "INPUT  VALUE  OF  PRESSURE immHg) .  " 

INPUT 

CLEAR 

CLEAR 

DISP 

DISP 

P=P* 1000 

P=LGT(P) 

Tl  =  l  i?  T2-4.215 

X=(T1+T2) /2 

1=0  i?  J=22 

K=(I+J) /2 

IF  J-I<=1  THEN  6200 

IF  X>Z(K+4)  THEN  6190 

J-K  I?  GOTO  6150 

I=K  ©  GOTO  6150 

FOR  1=1  TO  4 

D(I)=B(I+J-1) 

NEXT  I 

FOR  K=l  TO  3 

FOR  1=1  TO  4-K 

PB=X-Z (I+J+K-l) 

P9=Z (I+J+3)-X 

P3=l/ (Z(I+J+3)-Z(I+J-t-K-l) ) 

D(I)=(PS*D(I+1)+P9*D(I) ) *P 

NEXT  I 

NEXT  K 

IF  ABS(Dd)-P) 

IF  D(l) >P  THEN  6350 

T1  =  X 

GOTO  6130 

T2=X 

GOTO  6130 

D(1)=10~D<1> 

DISP  USING  6373 

IMAGE  2DZ.4D,  3X 

DISP  ©  BEEP  9  DISP  "ENTERING 

INPUT  B* 

IF  BS="Y"  THEN  6072 

IF  B*#"N"  THEN  6374 

CLEAR  @  BEEP  @  DISP  TAB (10) 

END 

DATA  1,1.1.1 

DATA  1. 15105499. 1.2876575, 1.43202085, 1.59832713. 1.74054982. 1.89959361.2. 101 

DATA  2. 17601406. 2. 18321995. 2. 28846654, 2. 57937753, 2. 74048335. 2. 88959932. 3. 04 
!7 
DATA  3. 18965645. 3. 34056636. 3. 47966198.  3.  63056679. 3. 7796601 1 . 3. 92027624. 4. 07 


,0001  THEN  6370 


D(l) /1000.TB.X 
1D.4D.     6X.1D.4D.7/ 

•ENTERING    ANOTHER    PRESSURE" 


"THAT'S    ALL" 
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6430  DATA  4.125.4.125,4.125,4.125 

6440  DATA  2. 0792053. 2. 2904182, 2. 641 19049, 3.  06764295. 3. 43487191 ,  3. 74460242,  4.  0167 

357 

6450  DATA  4.26906294.4.45301104.4.55807916.4.62414591.4.76041382.4.92371929.5.07 

893104 

6460  DATA  5. 1882901 1 , 5. 28706835. 5. 37948565. 5. 46374572. 5. 54338324, 5. 61826745, 5. 68 

927627 

6470  DATA  5. 75653645, 5. 82003175. 5. 86106883, 5. 8B08135B 
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APPENDIX    C 
RAW    DATA 
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tttttututututttututttuttutuutuntnntuiuttttuuuttnttuuituttuuuttuutuuuntttHittsuututtttttuttuut 

PREAHP=1000  FSS=100BV  «ULTIP=XI  EA/EB  RUNI14  FISH 


TIHE 

TEMP 

PRES 

n  t 

C.  FREQ 

AKP 

0 

SNR 

D-AflP 

1  PT 

C-6  RAVINE 

(SEC) 

(Kl 

(H2) 

(VWISHiV) 

i 

1178 

1.647 

6.955 

1 

410.541 

5.3723E-005 

447.257 

1.859.24 

250.0 

1 

8.QB10E-005 

1374 

1.647 

4.970 

2 

415.491 

1.2408E-004 

69.055 

4,294.21 

250.0 

i 

1.8422E-001 

1570 

1.648 

6.985 

3 

817.549 

9.7664E-O05 

427.357 

3,379.97 

250.0 

3 

3.5883E-004 

1746 

1.648 

6.997 

4 

1020.198 

4.1003E-005 

314.598 

2,111.18 

250.0 

4 

1.9274E-004 

1942 

1.649 

7.014 

5 

1222.494 

4.B319E-O05 

216.189 

1,472.20 

250.0 

5 

1.9017E-O05 

2149 

1.649 

7.017 

6 

1424.145 

3.6344E-005 

189.206 

1,257.35 

500.0 

4 

4.9847E-O04 

2494 

1.649 

7.035 

1 

410.543 

5.3454E-005 

445.411 

1,854.91 

250.0 

7 

4.531 1E-005 

2689 

1.649 

7.032 

2 

614.947 

1.234BE-004 

124.968 

4,273.28 

125.0  " 

8 

1.5032E-0O1 

29e8 

1.649 

7.032 

2 

414.957 

1.2673E-004 

133.229 

4.385.94 

125.0 

9 

1.4070E-OO1 

3190 

1.450 

7.053 

3 

B17.591 

4.B743E-005 

427.026 

1,486. B6 

125.0 

10 

2.0734E-OO5 

3336 

1.650 

7.058 

4 

1020.239 

6.1393E-O05 

323.198 

2,124.67 

250.0 

11 

9.7127E-005 

3582 

1.650 

7.064 

5 

1222. 53B 

4.8375E-005 

216.047 

1,474.13 

250.0 

12 

7.5379E-006 

3775 

1.650 

7.066 

6 

1426.188 

3.4416E-005 

188.323 

1.240.24 

500.0 

13 

4.6497E-004 

4114 

1.651 

7.079 

1 

410.575 

5.3616E-005 

447.244 

1,855.52 

250.0 

14 

3.0518E-005 

4314 

1.651 

7.079 

2 

614.773 

1.229BE-004 

260.071 

4,255.97 

62.5 

15 

7.9941E-002 

4517 

1.651 

7.085 

3 

317.608 

4.8641E-O05 

424.482 

1,633.34 

125.0 

14 

1.2699E-O05 

4713 

1.651 

7.088 

4 

1020.38 

4.1308E-005 

323.038 

2,121.73 

250.0 

17 

8.8040E-005 

4913 

1.651 

7.092 

5 

1222.553 

4.8405E-005 

216.394 

1,675.20 

250.0 

18 

7.4457E-004 

5108 

1.652 

7.099 

6 

1426.203 

3.4482E-005 

187.411 

1,262.57 

500.0 

19 

4.2042E-004 

5451 

1.652 

7.103 

*  1 

410.581 

5.3560E-005 

446.828 

1,353.57 

250.0 

20 

2.4242E-005 

5650 

1.652 

7.106 

2 

414.752 

9.3B22E-005 

485. BOO 

3,419.98 

31.3 

21 

4.5543E-O04 

5854 

1.652 

7.112 

3 

817.419 

4.8637E-005 

424.922 

1,683.20 

125.0 

22 

9.7345E-004 

6052 

1.652 

7.115 

4 

1020.270 

6.1225E-005 

322.555 

2,113.35 

250.0 

23 

B.632SE-005 

6252 

1.452 

7.118 

5 

1222.544 

4.8410E-005 

216.457 

1,675.35 

250.0 

24 

8.1947E-004 

6448 

1.652 

7.123 

6 

1424.215 

3.6530E-OO5 

136.844 

1,264.20 

500.0 

25 

4.4379E-004 

7004 

1.653 

7.130 

1 

410.589 

5.3720E-O05 

454.124 

1,859.13 

250.0 

24 

4.1117E-005 

7302 

1.453 

7.130 

1 

410.589 

5.3710E-O05 

453. B50 

1.853.77 

250.0 

27 

4.0944E-0O5 

7504 

1.453 

7.140 

2 

414.754 

4.9895E-005 

492.187 

1,726.73 

15.6 

28 

8.5241E-005 
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ttuitsttuutnuututHttuutiuiittuutttnttutttttututttttttttntttttuttttttttnttttttttuutttttttutttttittuutuittii 

PREAHP=100  FSS«iOOHV  IWLTIWlfl  E3/EA  RUNM  FI6I2 


TINE 

TEHP 

PRES 

1  t 

C.  FRE9 

AflP 

B 

SNR 

D-AHP 

1  PT 

C-S  RAVINE 

IS£C) 

(K) 

(HZ) 

(VRNS) (iV) 

. 

4B2 

1.659 

7.302 

1 

410.603 

1.0100E-O04 

458.394 

210.62 

500.0 

34 

4.915BE-004 

1102 

1.659 

7.302 

1 

410.603 

1.0102E-004 

458.561 

210.65 

500.0 

35 

4.9141E-004 

1307 

1.659 

7.326 

2 

614. 77B 

1.0187E-004 

489.885 

212.42 

31.3 

34 

4.2782E-003 

1716 

1.659 

7.326 

2 

614.778 

1.0197E-O04 

491.223  . 

212.63 

31.3 

37 

4.2683E-003 

1921 

1.660 

7.345 

3 

817.650 

9.3640E-005 

431.947 

195.27 

250.0 

38 

9.3B67E-005 

2125 

1.660 

7.348 

4 

1020.332 

1.0787E-004 

316.011 

224.95 

500.0 

39 

4.9940E-004 

2325 

1.660 

7.356 

5 

1222.748 

8.3212E-O05 

220.554 

173.52 

500.0 

40 

3.1658E-006 

2519 

1.661 

7.363 

6 

1426.063 

3. 4822E-005 

192.996 

72.61 

500.0 

41 

3.8978E-003 

2869 

1.661 

7.372 

1 

410.598 

4.9565E-005 

456.920 

103.36 

250.0 

42 

1.S618E-0O4 

3073 

1.661 

7.379 

2 

614.769 

5.1365E-0C5 

507.340 

107.11 

15.6 

43 

2.1B20E-003 

3377 

1.661 

7.379 

2 

614.768 

5.1009E-005 

496.331 

106.37 

15.6 

44 

2.0143E-003 

3583 

1.662 

7.389 

3 

817.640 

9.3623E-005 

431.475 

195.23 

250.0 

45 

4.4685E-O0* 

3781 

1.662 

7.399 

4 

1020.310 

5.7315E-005 

324.568 

119.52 

250.0 

46 

1.1326E-004 

397B 

1.662 

7.402 

5 

1222.729 

8.3351E-005 

221.071 

173.81 

500.0 

47 

1.212SE-005 

4175 

1.662 

7.408 

6 

1426.220 

3.4679E-O05 

185.698 

72.32 

500.0 

48 

3.1921E-004 

136 


lunutituuiuttuutuuuuuuttuuttuittutttttttttuttuitttttutuututttuutmtttntttutututttttttntintntttutt 

PREANP=100  FSS=100«V  HULTIP=I10  -   T/EA  RUNI14  FISI3 


riHE 

TEW 

PRES 

*   1 

C.  FREQ 

AHP 

9 

2SR 

D-AHP 

1  PT 

C-6  RAVINE 

(SEC) 

(X) 

(HZ) 

(VMSHaV) 

S72 

1.663 

7.444 

1 

205.330 

1.2048E-004 

124.892 

332.25 

50.0 

49 

1.6071E-001 

770 

1.663 

7.442 

2 

307.469 

1.2253E-004 

110.042 

337.92 

50.0 

50 

1.6865E-0O1 

975 

1.663 

7.442 

3 

408.312 

1.0973E-004 

434.278 

302.63 

50.0 

51 

4.7166E-0O4 

1178 

1.663 

7.443 

4 

510.116 

4.7497E-005 

327.307 

130.99 

50.0 

52 

7.5799E-006 

1380 

1.664 

7.449 

5 

611.279 

2.9348E-005 

217.223 

80.94 

50.  Q 

53 

5.7768E-006 

1S87 

1.664 

7.452 

6 

713.234 

1.4535E-005 

189.340 

40.08 

50.0 

54 

7.9015E-OO6 

178S 

1.664 

7.455 

7 

.  814.110 

1.4698E-005 

303.535 

40.53 

50.0 

55 

3.8763E-006 

2191 

1.664 

7.440 

1 

205.295 

8.0O47E-OO5 

452.021 

220.76 

25.0 

56 

4.8957E-004 

2395 

1.664 

7.463 

2 

307.369 

2.5519E-O05 

472.238 

70.38 

12.5 

57 

3.6652E-O03 

2597 

1.664 

7.464 

3 

408.811 

1.0950E-004 

432.417 

301.99 

50.0 

58 

8.9240E-005 

2801 

1.664 

7.465 

4 

510.112 

4.750BE-O05 

327.342 

131.02 

50.0 

59 

6.7835E-006 

3003 

1.664 

7.466 

5 

611.276 

2.9292E-005 

216.637 

80.76 

50.0 

60 

4.3406E-006 

3209 

1.664 

7.472 

6 

713.232 

5.7668E-005 

1  SB. 002 

159.04 

100.0  . 

61 

4.2014E-005 

3404 

1.664 

7.471 

7 

814.100 

5.3371E-005 

302.547 

160.98 

100.0 

62 

5.7759E-005 

1 1  tit  1 1  titi  iuiti  ::i:iiun  tn  utititu  tt  tits  jituMittii  ttiii  n  t:i:  it  ittutuitii  nn  ittuttiuutw!  tint  ntaittttn  tin  :ittz  tut 

PREAHPM00  FSSMOOHV  NULTIP=I10  T.'EB  RUNI14  FIS#3 


TIKE 

TEflP 

PRES 

11  t 

C.  FREH 

AHP 

S 

SNR 

D-AHP 

I  PT 

C-6  RAVINE 

(SEC) 

(K) 

(HZ) 

IVRflSXiV) 

3761 

1.664 

7.474 

1 

205.292 

9.9649E-O05 

456.198 

274.32 

50.0 

63 

2.0665E-OO5 

4064 

1.664 

7.474 

1 

205.292 

9.9640E-005 

456.048 

274.79 

50.0 

64 

2.0530E-005 

4267 

1.664 

7.476 

2 

307.375 

3.4645E-005 

497.076 

95.55 

12.5 

65 

6.3169E-005 

4470 

1.645 

7.479 

3 

408.804 

2.4297E-005 

431.030 

72.52 

25.0 

66 

7.7832E-006 

4672 

1.445 

7.479 

4 

510.112 

4.5831E-005 

326.220 

181.55 

50.0 

67 

4.3282E-0O6 

4877 

1.445 

7.433 

5 

611.375 

3.4844E-005 

216.959 

94.10 

50.0 

68 

2.5225E-004 

5083 

1.665 

7.485 

6 

713.348 

4.0512E-005 

187.141 

166.83 

100.0 

69 

4.8786E-004 

527B 

1.665 

7.488 

7 

814.221 

3.2539E-005 

299.613 

39.74 

100.0 

70 

2.6419E-004 

5345 

1.665 

7.491 

1 

205.290 

2.4797E-005 

460.469 

68.39 

25.0 

71 

7.2761E-006 

6149 

1.665 

7.491 

1 

205.290 

2.4789E-005 

460.006 

63.36 

25.0 

72 

7.1S76E-006 

6351 

1.665 

7.499 

2 

307.372 

3.4754E-005 

503.714 

95.35 

12.5 

73 

2.6717E-005 

6556 

1.665 

7.497 

3 

408.799 

1.0594E-004 

440.636 

292.21 

50.0 

74 

3.2138E-004 

6759 

1.665 

7.499 

4 

510.108 

4.5743E-005 

326.922 

131.36 

50.0 

75 

1.4110E-006 

6959 

1.665 

7.4*7 

5 

611.369 

3.4810E-O05 

216.779 

96.00 

50.0 

76 

2.3568E-004 

7166 

1.665 

7.496 

6 

713.347 

4.0480E-005 

186.958 

166.30 

100.0 

77 

4.6125E-004 

7362 

1.665 

7.496 

7 

814.220 

3.248BE-O05 

299.638 

39.60 

100.0 

78 

2.6949E-O04 

137 


tutitntnuttunttutittutuitittuuttntttiuutittuuttiiuttiutuiuHttutittttnttinttunttttstttttuutiuttttuttttt 

PREAflPMOO  F3S=iOOHV  HULTIP^JIO  EB/EA  RUNI14  FI6M 


TIME 

TE11P 

PPiS 

n  t 

C.  FREQ 

AHP 

Q 

SNR 

D-AHP 

»  PT 

C-fi  RAVINE 

(SEC! 

(K) 

(HZ) 

(VRHS)  tiV) 

1344 

1.471 

2.886 

l 

225.944 

6.0730E-005 

180.979 

63.86 

500.0 

146 

4.3409E-002 

2473 

1.471 

2.886 

l 

225.945 

6.0B48E-005 

181.755 

63.99 

500.0 

147 

4.3405E-002 

2680 

1.471 

2.896 

2 

397.614 

1.1540E-004 

333.124 

121.35 

500.0 

148 

4.4630E-004 

2836 

1.471 

2.900 

3 

596.191 

1.2393E-004 

39.305 

130.32 

250.C 

149 

1.7931E-001 

3095 

1.471 

2.900 

4 

791.853 

1.2109E-004 

217.721 

127.34 

250.0 

150 

4.4149E-002 

3305 

1.472 

2.908 

5 

988.613 

6.5S95E-005 

226.724 

69.29 

250.0 

151 

2.3545E-003 

3510 

1.472 

2.909 

6 

1185.236 

5.7196E-005 

198.548 

60.15 

1000.0 

152 

B.S665E-005 

3717 

1.472 

2.914 

7 

1381.342 

3.0711E-O05 

223.312 

32.30 

500.0 

153 

5.7340E-005 

3916 

1.472 

2.914 

3 

1576.916 

3.5456E-005 

295.109 

37.29 

1000.0 

154 

1.7420E-005 

4282 

1.472 

2.919 

1 

1558.791 

5.2322E-005 

2.176 

55.02 

3500.0 

155 

3.7910E-003 

4593 

1.472 

2.919 

1 

1558.361 

5.2326E-005 

2.176 

55.03 

350O.0 

156 

3.7910E-0O3 

4798 

1.472 

2.922 

2 

397.791 

5.7572E-005 

339.016 

60.54 

250.0  ' 

'  157 

2.3866E-O04 

5007 

1.473 

2.928 

3 

595.991 

1.2331E-004 

70.520 

129.67 

125.0 

158 

1.7590E-001 

5218 

1.473 

2.932 

4 

792.129 

1.1855E-004 

194.539 

124.66 

250.0 

159 

8.3408E-002 

5428 

1.473 

2.934 

5 

939.097 

6.60B0E-OO5 

232.583 

69.49 

250.0 

160 

4.7951E-004 

5634 

1.473 

2.940 

6 

1185.884 

5.S519E-005 

199.139 

61.54 

1000.0 

161 

7.6833E-005 

5839 

1.474 

2.945 

7 

1382.569 

3.0626E-005 

222.414 

32.21 

500.0 

162 

6.4057E-005 

6038 

1.474 

2.947 

8 

1577.790 

3.5444E-005 

294.717 

37.27 

1000.0 

163 

1.8516E-005 

umimmmtummimummtmimMmmmsutttMtutstmutmmnttmmtmtuumummmMiiuttmmmt 

PREAfifMOO  FSSMOONV  KUITIP=I10  EB/EA  RUNI14  FIGI4 


TIBE 

TEHP 

-PRES 

11  » 

C.  ERE9 

AflP 

a 

SNR 

D-AKP 

1  PT 

C-S  RAVINE 

(SEC) 

(K) 

(HZ) 

(VRnsi  dV) 

1627 

1.471 

2.899 

1 

212.541 

-.6053E-004 

-53.023 

-77.52 

125.0 

136 

4.2126E-0O1 

2037 

1.471 

2.399 

1 

212.295 

-.5602E-004 

-C.071 

-71.75 

125.0 

137 

3.947BE-001 

2247 

1.470 

2.867 

2 

397.580 

1.1617E-004 

344.826 

143.78 

500.0 

138 

1.0751E-003 

2457 

1.469 

2.862 

3 

595.712 

1.2426E-004 

72.423 

159.14 

125.0 

139 

1.5640E-001 

2764 

1.469 

2.862 

3 

595.682 

1.2753E-004 

77.147 

163.32 

125.0 

140 

1.4B44E-0O1 

2976 

1.469 

2.352 

4 

791.493 

7.7214E-305 

314.226 

98.39 

125.0 

141 

4.1177E-004 

3184 

1.469 

2.847 

5 

987.916 

6.6476E-005 

235.701 

35. 13 

250.0 

142 

1.6505E-004 

33B6 

1.468 

2.843 

6 

1134.371 

5.5440E-005 

199.161 

71.00 

1000.0 

143 

9.6177E-005 

3595 

1.463 

2.8*2 

7 

1380.659 

3.0B25E-005 

223.321 

39.48 

500.0 

144 

6.015QE-405 

3795 

1.468 

2.840 

8 

1575.466 

3.5594E-005 

296.500 

45.58 

1000.0 

145 

1.107ZE-005 
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mtmtutmiumtnttttttmumummmstmmmummiimtmtmmtnHiiutmtmtmtmtsusmmmmmtm 

PREflriP=100  FSSM00HV  HULTIP-110  "  EA/E8  RUNI14  FIBI5 


TINE 

TEMP 

PRES 

H  1 

C.  FRE9 

AHP 

0 

SNR 

B-AKP 

1  PT 

C-S  RAVI HE 

(SEC) 

(K) 

(HZ) 

(VRNS) laV) 

1S0S 

1.474 

2.997 

1 

398.422 

4.0473E-005 

358.248 

2,192.74 

250.0 

79 

4.S4B9E-005 

2013 

1.475 

2.974 

2 

597.511 

1.2370E-004 

44.878 

4.470.42 

250.0 

SO 

1.3991E-001 

2214 

1.474 

2.954 

3 

792.845 

1.2212E-404 

224.171 

4,413.44 

250.0 

31 

4.4972E-002 

2422 

1.474 

2.944 

4 

989.720 

7.0541EH305 

229.344 

2.549.40 

250.0 

32 

1.0413E-003 

2427 

1.473 

2.938 

5 

1137.173 

3.0973E-005 

222.857 

1,119.38 

500.(7 

33 

4.4473E-003 

2S24 

1.472 

2.915 

4 

1332.358 

3.7302E-005 

228.557 

1.348.12 

500.0 

84 

4.3271E-004 

3023 

1.471 

2.899 

7 

1574.943 

4.0114E-005 

303.473 

1,449.31 

1000.0 

85 

1.8448E-004 

3700 

1.448 

2.842 

1 

397.275 

4.0897E-005 

340.419 

2,200.84 

250.0 

34 

4.0304E-005 

3907 

1.443 

2.835 

2 

595.190 

I.2293EH304 

72.043 

4,442.48 

125.0 

37 

1.7130E-OO1 

4213 

1.448 

2.835 

2 

595.171 

1.2433E-004 

77.307 

4.547.55 

125.0 

38 

1.5931E-001 

4421 

1.447 

2.820 

3 

790.949 

8.0349E-005 

304.479 

2,903.82 

125.0 

89 

2.0241E-004 

4427 

1.447 

2.819 

4 

987.305 

7.0328E-005 

238.870 

2,541.48 

250.0 

90 

1.4932E-004 

4931 

1.447 

2.821 

5 

1134.415 

5.1898E-005 

217.713 

1,875.43 

1000.0  " 

91 

1.1473E-002 

5037 

1.447 

2.823 

4 

1380.018 

3.7731EH305 

222.172 

1,343.40 

500.0 

92 

9.2207E-005 

5232 

1.447 

2.825 

7 

1574.881 

4.0059E-005 

294.543 

1,447.74 

100O.O 

93 

3.1434E-004 

5904 

1.449 

2.847 

1 

397.349 

4. 1000E-005 

334.233 

2.204.58 

250.0 

94 

7.7847E-O05 

4113 

1.449 

2.B52 

2 

595.081 

1.2295E-004 

144.024 

4,443.34 

42.5 

95 

9.5399E-O02 

4418 

1.449 

2.852 

2. 

595.083 

1.2541E-004 

151.742 

4,539.73 

42.5 

94 

8.9233E-002 

4424 

1.470 

2.370 

3 

791.731 

7.9090E-OO5 

299.873 

2.358.37 

125.0 

97 

9.3958E-005 

4931 

1.470 

2.870 

3 

791.732 

7.9044E-O05 

299.523 

2,357.48 

125.0 

98 

9.2934E-005 

7139 

1.470 

2.881 

4 

9SB.581 

4.9494E-005 

233.717 

2,51B.87 

250.0 

99 

5.4483E-004 

7450 

1.470 

2.831 

4 

988.580 

4.9B14E-005 

234.983 

2,523.13 

250.0 

100 

5.4548E-004 

7452 

1.471 

2.891 

5 

1184.274 

5.5701E-005 

218.433 

2,013.04 

1000.0 

101 

1.4142E-002 

3044 

1.471 

2.891 

5 

1184.247 

5.5910E-005 

221.323 

2,020.42 

1000.0 

102 

1.409BE-002 

8271 

1.471 

J.  901 

4 

1382.031 

7.4BB3E-O05 

230.499 

2,704.32 

1000.0 

103 

1.9229E-003 

8447 

1.471 

2.901 

7 

1577.121 

3.9999E-005 

297. 2B1 

1,445.59 

1000.0 

104 

4.7321E-004 

9143 

1.472 

2.908 

I 

397.822 

4.0913E-0O5 

341.071 

2,201.44 

250.0 

105 

4.2201E-005 

9451 

1.472 

2.908 

1 

397.822 

4.0919E-005 

341.140 

2.201.43 

250.0 

104 

4.2170E-005 

9454 

1.472 

2.912 

2 

595.724 

1.2005E-004 

333.375 

4,338.81 

31.3 

107 

9.0220E-003 

9941 

1.472 

2.912 

2 

595.725 

1.2094E-OO4 

339.594 

4.371.44 

31.3 

108 

8.4295E-003 

10173 

1.472 

2.919 

3 

792.433 

7.7971E-005 

307.443 

2.817.91 

125.0 

109 

1.9590E-004 

10374 

1.472 

2.919 

4 

9B9.290 

1.1737E-004 

142.714 

4,241.45 

500.0 

110 

4.2B09E-002 

105B1 

1.472 

2.922 

5 

1184.994 

9.9242E-005 

214.424 

3,587.40 

2000.0 

111 

5.0542E-002 

10998 

1.472 

2.922 

5 

1184.992 

9.9521E-005 

218.274 

3,594.74 

2000.0 

112 

5.0444E-Q02 
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&~  I* 


PR£A«P»  100    FSS*l00i»    RULTIMIO 


BA/S6 


TIRE 

TERP 

PRES 

r  t 

C.  FREQ 

MP. 

g 

SNA 

MRP        t  FT           C-5  RAVINE 

(SEC) 

J  K  ) 

(HZ) 

IVris) 

liV) 

538 

1.53? 

4.307E+OO0 

l 

445.25331 

1.2175E-004 

247.3145 

7?1 

1000            1 

6.1187E-002 

733 

1.33? 

».304E+ooo 

2 

604. 77315 

1.2333E-004 

133.9092 

803 

1000           ; 

!          4.7318E-002 

94? 

1.33? 

4.303E*0OO 

3 

807.06781 

7.4528E-0O3 

318.1870 

497 

iooo        : 

1.1597E-003 

1147 

1.33? 

<.304E«0OO 

4 

1.007.65401 

5.?764E-O05 

2?3.3300 

388 

1000 

I           I.1437E-003 

1345 

1.33? 

4.302E+0O0 

3 

1.208.48755 

2.6054E-OO5 

274.9710 

16? 

iooo        : 

3.73??E-0O4 

1334 

1.53? 

».:03£*0OO 

6 

1,409.33*24 

9.9363E-004 

289.4748 

45 

1000 

>           8.6439E-00S 

SOUE  TO  REASURE  DUE  TO  ARPLITUDE  AT 
COULD  ROT  FINS  3dB  DOM  PARARFTER 


TIRE    1388.492      RODE    1 


2090 
2286 
2486 
26B5 
2882 
3073 


1.33? 
1.33? 
1.33? 
1.33? 
1.33? 
1.53? 


4.302E+OO0 
4.299E+000 
4.298E+O00 
4.299E+000 
4.303E+OO0 
4.2?6E*0©0 


403.27994 

606.44945 

807.04413 

1.007.48094 

1.208.51861 

1,409.73558 


8.2836E-O0S 
1.2206E-O04 
7.6411E-O03 
5.9O94E-O03 
4.2292E-O05 
2.S513E-003 


380.8350 
241.1968 
320.6333 
283.2034 
2S5.7761 
287.9521 


538 
793 
497 
334 
275 
IBS 


500 
500 
1000 
1000 
2000 
3500 


1.0421E-003 
5.2554E-002 
5.9708E-004 
4.0620E-O04 
7.6480E-004 
2.8447E-O04 


SORE  TO  REASURE  DUE  TO  ARPUTUDE  AT  TIRE    3130.29*      RODE    1 


3422 
3618 
3817 
401? 
4217 
4411 


1.53? 
1.33? 
1.53? 
1.53? 
1.53? 
1.33? 


4.295E»OO0 
4.299E«000 
4.301E*O0O 
4^01E+000 
4.305E+O00 
4.306E*OOO 


403.26371 

606.65064 

807.08492 

1,007.74389 

1,208.63369 

1,409.91306 


8.1939E-005 
9.6123E-005 
7.4360E-005 
5.9243E-003 
4.2377E-003 
2.3245I-0O5 


376.4119 
400.7547 
320.1370 
287.1363 
284.503? 
233.6126 


533 
625 
496 
385 
275 
184 


500 
230 
1000 
1000 
2000 
3500 


4.37B4E-004 
5.4429E-004 
6.9354E-004 
4.1311E-0O4 
6.6593E-004 
2.5215E-O04 


BONE  TO  REASURE  DUE  TO  ARPUTUDE  AT  TIRE    4467.397      RODE    1 


4762        1.539    4.3O8E*OO0      1 
COULD  ROT  FIXD  3dB  DOUR  PARAKETER 


3061 
5260 
5466 
5666 

5864 
6059 


1.539 
1.539 
1.539 
1.339 
1.53? 
1.53? 


4.308E»O0O 
I.308E+OO0 
4.31OE«0O0 
4.311EW0 
4.3I1E+0OO 
4.312E+000 


405.34731        B.2304E-O03 


403.34724 

406.77381 

807.22421 

1,007.91941 

1,208.84002 

1,410.13510 


8.2315E-O05 
5.1379E-O03 
7.7056E-O05 
3.9293E-005 
4.2310E-OW 
2.8105E-OO3 


376.2451 

374.4501 
409.6290 
312.3438 
284.4070 

2B3.2952 
284.1372 


533 

333 

334 

501 

385 

275     2000 

183     3500 


500 

500 

123 

1000 

1000 


:o 
21 

22 
23 
24 
25 


2.4342E-004 

2.4339E-O04 
2.3133E-O04 
3.3716E-O04 
3.8713E-004 
4.9920E-OO4 
2.5458E-0O4 


14.0 


&*+  I* 


BONE  TO  HEASURE 
COUU)  HOT  FIND 

4420  1.53? 
COULD  HOT  FIND 

4923   J. 53? 


DU£  TO  AHPL1TUDE  AT 
3dB  DOWN  PARAKETES 

4.309E+000   1 
3dB  OOKN  PftRflBETER 


TIRE  .  4113.254   HODE  6 
405.40043   4.2491E-O03 


'-ZISA 


7130 
7333 
7535 
7741 
7934 


1.537 
1.534 
1.534 
1.533 
1.532 


4.J09E+OOO 
4.243E-»000 
4.235E*O00 
4.203E*OOO 
4.I73E+00O 
4.I30E*000 


405.40075 

404.41222 

804.77715 

1.004.91493 

1.207.4442? 

1,407.84448 


SOKE  TO  MEASURE  DUE  TO  AKPIITUDE  AT  TINE  9908.872 


10203 
10405 
10411 
10817 
11018 
11212 


1.533 
1.533 
1.532 
1.531 
1.531 
1.531 


4.177E+O0O 
4.1771*000 
4.148E*O00 
4.131E+000 
4.127E+000 
4.I25E+O0O 


404.94053 

404.28487 

304.11048 

1.004.27742 

1,204.9439? 

1,407.45800 


4.2752E-O05 
4.501JE-005 
4.4937E-005 
I.1044E-OO5 
4.5027E-005 
3.797BE-O05 

HOOE  5 
4.3842E-003 
4.4350E-OO5 
4.42BCE-O05 
5.2324E-005 
4.505^-005 
3.7414E-0OS 


388.3044 

387.502? 
433.4483! 

314.1135! 
245.54331 
274.7008 
294.4334 

a 

334.0217 
422.4375 
313.849?  , 
243.9342  \ 
271.4878 
284.7027 


407 

408 

273 

422 

332 

423     2000 

247      3500 


413 
301 
418 
340 
423 
244 


500 

300. 
125 
1000 
500 


'(«.») 

500 

125 
1000 

500 
2000 
3500 


33 
34 
S3 
34 
37 
38 


2.2142E-003 

2.2112E-003 
4.3353E-004 
5.4455E-0O4 
1.0330E-003 
1.0144E-003 
2.3195E-O03 

1.2084E-003 
8.3784E-0O4 
3.7772E-004 
9. 1403E-004 
2.0094E-O03 
1.3920E-003 


BONE  TO  HEASURE  DUE  TO  AMPLITUDE  AT  THE    11340.704      BODE    1 


11453  1.531  4.129E«00O  1 

11855  1.531  4.130E+O00  2 

12040  1.531  4.133E+OO0  3 

12245  1.531  4.132E*O00  4 

12444  1.531  4.1371*000  5" 

12457  1.532  4.139E*000  4 


404.78207  3.445BE-405  384.0423  237  230  39  3.2941E-004 

403.90718  4.5583E-005  422.2190  274  123  40  4.5442E-004 

805.98844  4.4911E-005  304.4058  422  1000  41  2.2427E-O03 

1.004.32458  5.2342E-O05  254.8240  340  500  42  4.7434E-004 

1.207.12201  4.5371E-005  249.1042  423  2000  43  I.0031E-O03 

1,407.88873  3.7832E-003  283.4457  244  3500  44  1.8187E-003 
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PR£AMP»  190    FSS»IOOt»    MULTIMiO 


-TjEft 


&*-*.    IS" 


TIME 
(SEC) 


TEBP 
(  K  ) 


PRES 


1  I 


1424  1.533  «.145E*000  1 

1428  1.532  «.15bE*00O  2 

132?  1.532  4.145E«000  3 

2034  1.532  4.I45E+000  4 

2237  1.532  4.I44E*000  5 

2432  1.532  4.145E+0OO  t> 


C.  FREB 

AHP. 

S 

SM 

S-AMP 

» n 

C-6  RAVINE 

(HI) 

(Vris) 

ItV) 

202.47173 

7.0450E-OO5 

384.2587 

357 

25 

45 

1.5449E-0O4 

303.04088 

1.0504E-004 

420.7115 

•531 

25"' 

44 

3.0370E-004 

403.11845 

3.2022E-O05 

320.4392 

142 

25 

47 

2.0544E-0O4 

503.24441 

3.9907I-OO5 

270.5780 

202 

25 

0 

4.4246E-003 

403.31848 

4.8723E-O05 

272.5283 

244 

50 

49 

5.0342E-OO5 

704.04330 

5.4B44E-OC5 

297.2491 

277 

100 

so 

3.5344E-003 

SOME  TO  MEASURE  DUE  TO  AMPLITUDE  AT 


2785 

1.532 

«.I44E*000 

1 

202.47544 

7.0824E-OO5 

38B.3903 

358 

3 

51 

3.351IE-004 

:ouu  1 

(OT  FIND  3d8  DOW  PARAMETER 

3088 

1.532 

4.144E«000 

1 

202.47543 

7.0804E-005 

388.0710 

35B 

25 

52 

3.3445E-404 

3288 

1.532 

4.151E+000 

2 

303.07832 

2.4279E-005 

418.3591 

133 

13 

53 

2.9154E-004 

3494 

1.532 

4.:48t+00O 

3 

403.13020 

3.19B3E-005 

309.5324 

142 

3 

54 

1.0574E-004 

3499 

1.532 

4.M9E+000 

4 

503.30842 

3.9540E-005 

250.8825 

200 

25 

55 

1.1407E-003 

3902 

1.532 

4.131E«0OO 

3 

403.85709 

4.8737E-005 

272.738B 

247 

50 

54 

4.I794E-005 

4100 

1.532 

4.150E+O00 

4 

704.11549 

5.4B01E-OO3 

294.8094 

277 

100 

57 

2.4275E-003 

BSIC  TO  MEASURE  DUE  TO  AMPLITUDE  AT  TIME    4155.473      MODE    4 


4452 

1.532 

4.147E*000 

1 

202.44911 

9.7031E-OO5 

3B9.8495 

4H 

50 

5B 

7.0727E-0O4 

Error  detected. 

■ode    2    ERRL  » 

1990    ERR*  *    55 

4842 

1.532 

4.147E+0O0 

1 

202.44912 

9.4951E-003 

388.3444 

490 

50 

59 

4.9855E-004 

5043 

1.532 

4.  M4E+000 

2 

303.07403 

7.3542E-005 

421.4043 

372 

SO 

40 

2.9594E-004 

5244 

1.532 

4.144E+000 

3 

403.22495 

5.4235E-005 

294.5188 

284 

100 

41 

1.3171E-O03 

5449 

1.532 

4.144E*0O0 

4 

503.43100 

3.3297E-O05 

254.4382 

148 

100 

42 

B.4749E-OOS 

5474 

1.532 

4.t47E+O0O 

5 

405.89437 

2.3334E-005 

247.7471 

118 

100 

43 

4.0175E-005 

5874 

1.532 

4.151E*000 

4 

704.27995 

1.5934EHW5 

289.337 

81 

100 

44 

1.7444E-O05 

50HE  TO  MEASURE  DUE  TO  AMPLITUDE  AT  TIME    5975.457      MODE    1 


4271 

1.532 

4.1S7E*OO0 

1 

202.49185 

9.7314E-003 

393.1842 

493 

30 

45 

5.15O0E-O04 

4474 

1.532 

4.154E«0O0 

2 

303.11233 

7.3534E-005 

421.5481 

372 

50 

44 

3.9340E-004 

4480 

1.532 

4.154E+000 

3 

403.27242 

5.4424E-005 

297.4555 

2S5 

100 

47 

1.5544E-003 

4887 

1.532 

4.153E*O00 

4 

303.47985 

3.3349E-005 

37.0193 

149 

100 

48 

3.738E-005 

7090 

1.532 

4.153E+000 

5 

403.97813 

2.3340E-005 

247.8227  . 

118 

100 

49 

3.0247E-O05 

7289 

1.532 

4.1SOE«000 

4 

704.40094 

1.5924E-O05 

291.9000 

31 

100 

70 

7.7820E-0O4 
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PREA«P« 

109    FSS'lMiv    MJLTIP'IIO 

£A/ei> 

f  -     I 

.•S^ 

{<■ 

/  5 

TIKE 

TERP 

PRES 

1  t 

C.  REB 

NT. 

0 

SM) 

>m 

1  PT 

C-S  RAVIME 

(SEC) 

1  K  ) 

<HZ) 

IVrij) 

(•VI 

1463 

1.777 

2.042E+OOI 

1 

300.89930 

1.2112E-O04 

423.7043 

1.801 

500 

71 

9.8B73E-003 

1872 

1.777 

2.041E+O0I 

2 

540.45390 

4.4918E-005 

544.1371 

993 

500 

72 

1.7490E-O02 

2073 

1.777 

2.041E»OOl 

3 

718.78*3* 

1.0440E-O04 

474.4407 

1,552 

500 

73 

1.9352E-003 

2231 

1.777 

2.042E+O01 

4 

896.83800 

4.4831E-005 

232.3424 

■    994 

500 

74 

1.3144E-002 

2486 

1.777 

2.043E+001 

5 

1.074.33293 

3.9043F-005 

293.3991 

581 

1000 

73 

3.4082E-004 

2&81 

1.777 

2.043E*001 

4 

1,254.92223 

3.4873E-005 

343.7131 

519 

2000 

74 

1.2838E-0O3 

Error  dttrcted,  todt    1    ERRL  ■    1980    ~.m  »    53 


3244  1.774  2.044E«OOl  1 

3431  1.774  2.047E+001  2 

3434  1.774  2.047E+OO1  3 

3842  1.774  2.948E+O01  4 

4044  1.774  2.049E*OOt  3 

4243  1.774  2.030E*O01  4 


340.47838  4.7934E-005 

339.33214  4.5029E-003 

717.38728  3.9447E-O05 

893.78254  4.471  IE-MS 

1.075.07730  3.9344E-0O5 

1.233.44B22  3.4849E-O05 


743.7112 

1.010 

230 

77 

2.7813E-004 

329.9947 

947 

500 

73 

3.1324E-O03 

313.8104 

884 

230 

79 

8.4790E-O03 

243.4899 

992 

500 

80 

4.6320E-00J 

294.5334 

383 

1000 

31 

3.I494E-O04 

339.3887 

519 

2000 

32 

1.4347E-003 

COUU)  NOT  FI»  3dB  DOM  PARMfETEB 
4827       1.774    2.052E+OOI      1 
COULD  HOT  FINS  Hi  DOtfH  'URAPETEH 


5134 
5341 
5343 
5734 
5959 
4158 


1.774 
1.773 
1.773 
1.773 
1.773 
1.773 


2.0S2E+OO1 

2.053E*OOl 
2.054E+OO1 
2.054E+OO1 
2.053E*001 
2.0J3E+00I 


340.28499       4.7484E-005 


340.28704 
339.13313 
714.31033 
894.49400 
1,073.32830 
1,232.04177 


4.7333E-003 
4.4341E-003 
4.0O24E-OO5 
4.4748E-O03 
3.9722E-005 
3.4941E-O05 


734.9303         1,004       230. 


737.4384 
523.3348 
521.3238 
242.4443 
294.8093 
338.3107 


1.003 
937 
393 
993 
591 


250 
500 
250 
500 
1(00 


34 
35 
34 
37 


520      2000 


5.243SE-O04 

3.19BIE-004 
5.2454E-003 
1.3993E-004 
4.4777E-003 
3.1B40E-OO4 
1.5472-003 


4309 
4713 


1.773 
1.773 


2.034E+001      1 
2.CS7E*O01      2 


£  &/-&A 


339.944M 
538.74744 


4.7244E-O03 
4.4033E-OO3 


.-T«  l£J~ 


°X 


744.3375 
530.4343 


1,000 
933 


250 
500 


1.3919E-O03 
3.7108E-O03 


4920 
7123 
7329 
732S 


1.773  2.057E*OOi  3 

1.774  2.058E+OO1  4 
1.774  2.058E+0OI  5 
1.774  2.059E*O0I  4 


715.99789 

394.10242 

1,073.11317 

1,231.21594 


4.0333E-OO5 
4.0792E-OO3 
5.0729E-O05 
4.1417E-003 


522.2449 
232.00B1 
244.1841 
332.1528 


897 
904 
734 
419 


230 
300 
1000 
2000 


1.2293E-004 
8.2292E-002 
4.5044E-OO4 
7.0470E-O03 


7881 
8084 
8292 
3499 
8707 
8904 


1.774 
1.774 
1.774 
1.774 
1.774 
1.774 


2.04OE+OO1 
2.04OE+O0I 
2.041E»001 
2.041E*OOI 
2.042E+001 
2.042E+OO1 


339.71074 
338.40319 
713.30319 
893.42434 
1,072.33714 
1,230.34289 


3.5179E-O03 
5.4499E-O05 
5.7393E-005 
5.9392E-003 
5.0931E-O05 
4.2070E-OO3 


747.2240 
527.4844 
545.1421 
220.3541 
244.1808 
334.4847 


321 
343 

3S4 
384 
738 
424 


230 
500 
250 
500 
1000 
2000 


94 
97 
98 
99 
100 
101 


1.5943E-003 
4. 4594E-003 
7.1484E-OOS 
5.9334E-003 
3.5928E-004 
1.4248E-O02 


9240 
9447 
9470 
9373 
10074 
10272 


1.774 
1.774 
1.773 
1.773 
1.773 
1.773. 


2.043E+O01 
2.043E*001 
2.044E«001 
2.045E«O01 
2.045E+OOI 
2.045E*OOl 


339.47747 
533.04841 
713.03749 
892.84047 
1.071.73192 
1,249.59383 


5.4378E-003 
5.4073E-O03 
3.7870E-005 
3.9B38E-003 
3.1223E-003 
4.1934E-005 


743.4972 
514.7377 
344.4851 
223.1421 
244.2014 
331.2041 


812 
834 
841 
890 
742 
424 


230 
500 
230 
500 
1000 
2000 


102 
103 
104 
105 
104' 
107 


4.0731E-OO4 
4.5494E-003 
3.1494E-004 
8.044OE-O03 
4.0749E-OO4 
1.7715E-002 


143 


fltJ._.    if 


7=  /•  3  °L 


—  ^  -A 


PREAJ1P» 

104    FSSMOOr,     HULTIP'IIO 

Tire 

TEKP 

PRES 

n  t 

C.  FREO 

ARP. 

9 

SM) 

J-A«> 

»  PT 

C-S  RAVINE 

ISEC) 

(  K  ) 

(Hi) 

IVris) 

(IV) 

_ 

1223 

1.788 

1.275E+001 

1 

400.27203 

4.4345E-005 

435.9984 

87 

350 

133 

3.4307E-003 

1434 

1.788 

1.274E+0OI 

2'' 

599.11543 

1.1799E-O04 

525.4730 

1ST 

350 

184 

1.5B31E-O02 

1447 

1.788 

1.274E*001 

3- 

794.31935 

5.9109E-0O5 

382.7345 

80 

350 

IBS 

1.9447E-003 

1858 

1.738 

1.277E+001 

4  '. 

994.49479 

9.31B5E-OOS 

23.3855 

124 

700 

1B4 

1.4840E-OO2 

2058 

1.788 

1.278E+001 

5  vi 

1,194.19908 

5.4312E-005 

257.7108 

73 

1400 

187 

8.4315E-003 

COULD  NOT  FIND 

3dB  DON*  PAR/WETER 

2420 

1.788 

1.280E+001 

1 

400.10539 

4.3748E-O05 

434.0455 

94 

350 

188 

1.4429E-003 

2828 

1.788 

1.281E+001 

f 

598.85944 

4.4348E-005 

540.7303 

87 

175 

189 

1.391 1E-003 

3039 

1.78? 

1.281E+00I 

3- 

794.022BS 

5.9848E-O05 

381.8053 

79 

350 

190 

1.I043E-003 

3252 

1.789 

1.282E+O01 

4  - 

994.13443 

9.2515EHW5 

250.3845 

125 

700 

191 

1.3580E-002 

3453 

1.789 

1.282E+00I 

3  vi 

,1,193.78454 

5.4113E-005 

244.4109 

73 

1400 

192 

8.2402E-003 

-T«M 


4^ 


PREARP»  100    F5S«I00«y    HJITIMIO 
PRES         H  « 


Tiff 
ISEC) 


TERP 
(  K  > 


1314  1.789  1.2S4E+001  1 

1523  1.789  1.237E-»001  2 

1733  1.789  1.2P7E*001  3 

1944  1.789  1.288E«OOl  4 

2144  1.789  1.28BE+001  5 


C.  FREB 

AW. 

0           m 

HWP 

1  PT 

C-S  RAVIXE 

U01 

(Vrii) 

(iV) 

199.94982 

4.8578E-005 

433.0589               I 

25 

193 

1.0078E-OO3 

299.24974  ■ 

9.4033E-005 

554.0444 

1        25 

194 

4.9395E-O04 

397.83244 

3.0O84E-OO5 

382.9991                < 

25 

195 

3.3443E-005 

494.90443 

9.4014E-005 

255.0394 

1         50 

194 

5.5341E-003 

394.22575 

1.1815E-004 

173.9125              1 

100 

197 

5.4798E-0O2 

7* /.«"* 


T/£& 


COULO  NOT  FIXD  341  DOWN  PARAMETER 


•..w^t"-"* 
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APPENDIX    D 
REDUCED    DATA 


1U5 


RUN  I     M 

DATA  REDUCTION 


E/E 

(  62    TO 

es  i 

• 

I/EA 

(  171    TO 

174  ) 

T/EB  1  215    TO 

218  ) 

T 

r 

F 

r 

STr 

STu 

Ua  -  Ua 

5(A) 

SIB) 

STu/STr 

)1 

i«q 

»yq 

i«<j 

KOBE 

IK) 

IX) 

lib) 

(Hi) 

MO 

luK) 

luK) 

IV/KI 

vim 

5 

1.4543 

.0042 

987. 437 

1.488 

2.183 

2.433 

.134 

42.55 

48.14 

1.115 

YES 

4 

1.4540 

.0039 

1184.183 

2.140 

1.441 

1.449 

.044 

44.89 

13.95 

1.128 

YES 

7 

1.4535 

.0031 

1330.014 

1.724 

S.485 

4.540 

-.038 

24.09 

29.33 

1.194 

YES 

8 

1.4533 

.0027 

1574.573 

1.747 

5.894 

7.158 

-.220 

18.70 

14.54 

1.215 

YES 

E/E    (89    TO    93  ) 
T/EA  (  183    TO    187  ) 


T/E8  (  222    TO    224  ) 


4 

1.4528 

.0029 

790.835 

.412 

.941 

.938 

.004 

47.94 

71.27 

s 

1.4539 

.0042 

987.448 

1.119 

2.193 

2.150 

-.342 

40.01 

47.51 

4 

1.4541 

.0043 

1184.347 

1.004 

1.583 

1.592 

.022 

42.34 

12.91 

7 

1.4543 

.0045 

1380.522 

1.505 

1.314 

1.444 

-.350 

25.72 

30.33 

9 

1.4544 

.0048 

1575.323 

1.440 

5.847 

7.308 

.100 

18.87 

14.59 

.997 

NO 

.981 

NO 

1.004 

YES 

1.114 

YES 

1.250 

YES 

E/E    1  98    TO    98  ) 

T/EA  (  182    TO    182  1       T/O  (  221    TO    221  ) 


1.4539 


.0027 


725.735 


1.480 


1.034 


-.193 


-8.03 


128.73 


.417 


VI    (  100    TO    101  ) 

T/EA  I  184    TO    185  )       T/O  I  223    TO    224  ) 


5 

1.4553 

.0037 

.  987.393 

1.215 

2.148 

2.150 

-.242 

40.44 

48. 28 

.992 

NO 

4 

1.4557 

.0037 

1184.920 

1.374 

1.519 

1.592 

.022 

44.11 

13.45 

1.048 

YES 

E/E    (  102    TO    104  ) 

T/EA  I  185    TO    187  )        T/O  (  214    TO    218  ) 


4         1.4552  .0043       1184.475       1.709 

7  1.4557     .0044   1380.948   1.922 

8  1.4540     .0047   1575.780   2.182 


1.524 

1.409 

-.012 

43.97 

13.38 

1.054 

YES 

1.338 

1.448 

-.354 

25.25 

30.04 

1.097 

YES 

5.844 

7.313 

.090 

18.88 

14.41 

1.251 

YES 

E/E  I  104  TO  107  ) 

T/EA  I  201  TO  202  )   T/EB  \  220  TO  221  ) 


2 

1.4525 

.0032 

397.021 

.547 

2.290 

2.039 

.024 

49.04 

24.04 

.891 

NO 

3 

1.4522 

.0034 

594.437 

.920 

.409 

.374 

-.005 

204.44 

132.37 

.918 

NO 

E/E  (  108  TO  109  I 

T/EA  (  203  TO  204  I   T/Q  (  213  TO  214  ) 


3 

1.4518 

.0039 

594.329 

.987 

.412 

.379 

-.010 

203.52 

131.44 

.920 

NO 

4 

1.4519 

.0041 

790.552 

1.310 

.942 

.938 

-.003 

47.48 

70.19 

.975 

NO 

146 


RUN  t  14 

DATA  REDUCTION 

E/E  (  151  TO  154  ) 

T/EA  (  205  TO  208  I   T/E3  (  215  TO  218  ) 

T  r       F       r  STr  STd     Uj  -  Ub      S<AI      S(B)      STu/STr 

avg  ivq  ivq 

-ODE    IK)  (X)      (H2>     (Hzl  luK)  (uX)      luK)        fV/K)      (111) 

1         1.4517  ^0038         986.551        MM  !559  TbOS              US              iTil              iTsl 

4  1.4518  .0077        1183.002        1.655  .SB  .417              .024              48.79              14.34 

7  1.4520  .0038        1379.204        1.889  .370  .422              .020              24.43              27.23 

8  1.4520  .0038        1573.783       2.251  .381  .444              .017              18.32              14.01 

i 

E/E    (  140    TO  143  ) 

T/EA  (  205    TO  208  )       T/E8  (  223    TO    224  ) 

5  1.4527  .0044  986.877  1.407  .543  .403  .040  42.21  45.85 
4  1.4530  .0045  1183.444  1.847  .351  .413  .034  49.39  14.57 
7         1.4532  .0046       1379.692       2.120  .347  .421              .021             24.84             27.21 

3  1.4531  .0047        1574.364       2.536  .379  .443              .918              13.44              14.04 

E/E     (  141    TO  144  ) 

T/EA  I  183    TO  184  I       T/D  I  222    TO    225  ) 

4  1.4533  .0026         791.017         .494  .953  .938              .004              47.09              70.37 

5  1.4545  .0038  987.472  1.124  2.190  2.150  -.342  40.05  47.59 
4  1.4544  .0040  1184.286  .990  1.432  1.592  .022  46.79  14.24 
7         1.4548  .0042        1380.734        1.443  1.428  1.444            -.20              23.47              27.91 


1.081 

YES 

1.174 

YES 

1.141 

YES 

1.217 

YES 

1.073 

YES 

1.177 

YES 

1.150 

YES 

1.224 

YES 

.985 

NO 

.982 

NO 

1.112 

YES 

1.027 

YES 

147 


RUN  •     14 

DATA  REDUCTION 


E/E 

(  37    TO 

41  ) 

T/EA 

(  37    TO 

4i )     r/a 

(  45    TO 

49  1 

T 

r 

F 

r 

STr  - 

STu 

m  -  'Jb 

SIA) 

SIB) 

STu/STr 

>1 

"9 

jyq 

"9 

ROUE 

(X) 

(X) 

(Hz) 

(Hi) 

<uK) 

(uX) 

lut) 

(v«r 

(V/K) 

3 

l.co-3 

.0023 

414.735 

.014 

.243 

.237 

-.012 

142.2 

194.04 

.975 

MO 

4 

1.0434 

.0020 

817.427 

.017 

2.434 

2.527 

.012 

41.04 

59.43 

1.033 

YES 

5 

1.3434 

.001? 

1020.240 

.051 

1.42? 

1.530 

.008 

45.11 

43.41 

1.071 

YES 

4 

1.4437 

.001? 

123.484 

.0?3 

.774 

.844 

.000 

51.23 

41.84 

1.09O 

YES 

7 

1.443? 

.0018 

1424.408 

.241 

2.073 

2.507 

.013 

37.75 

40.18 

1.209 

YES 

E/E 

(  44    TO 

48  1 

T/EA 

1  57    TO 

41  )        T/EB 

(  73    TO 

77  ) 

3 

1.4441 

.0017 

414.751 

.013 

.243 

.23? 

-.014 

142.41 

194.74 

.981 

NO 

4 

1.4443 

.0015 

817.420 

.017 

2.438 

2.553 

-.040 

40.94 

59.82 

1.047 

YES 

5 

1.4444 

.0014 

1020.250 

.043 

1.401 

1.531 

.008 

44.02 

44.42 

1.092 

YES 

& 

1.4444 

.0013 

1222.473 

.084 

.774 

.345 

.002 

51,34 

41.91 

1.091 

YES 

7 

1.4444 

.0012 

1424.45? 

.HJ 

2.034 

2.504 

.020 

38.48 

40.94 

1.231 

YES 

E/E 

(  14    TO 

1?  ) 

T/EA 

(  31    TO 

34  )        T/O 

I  74    TO 

77  ) 

4 

1.4404 

.0041 

817.410 

.011 

2.432 

2.541 

-.023 

40.72 

3?.  48 

1.044 

YES 

5 

1.4407 

.0041 

1020.235 

.OIB 

1.3?4 

1.532 

.011 

44.17 

44.84 

1.097 

YES 

i 

1.4407 

.0041 

1222.417 

.084 

.735 

.847 

.004 

54.20 

45.21 

1.132 

YES 

7 

1.440? 

.0040 

1424.455 

.200 

.517 

.42? 

.011 

38.17 

40.30 

1.218 

YES 

E/E 

(  10    TO 

13  ) 

T/EA 

<  SI    TO 

54 1        T/Q 

1  44    TO 

4?  ) 

4 

1.4400 

.0045 

817.408 

.014 

2.450 

2.534 

.028 

40.78 

3?.  03 

1.035 

YES 

3 

1.4401 

.0044 

1020.232 

.007 

1.3?8 

1.532 

.011 

44.10 

44.81 

1.094 

YES 

4 

1.4403 

.0044 

1222.415 

.0?4 

.734 

.848 

.004 

54.13 

45.20 

1.152 

YES 

7 

1.4403 

.0044 

1424.451 

.208 

.51? 

.430 

.00? 

17.97 

40.11 

1.213 

YES 

E/E 

I  20    TO 

25  ) 

- 

T/EA 

(  54    TO 

41  1        T/El 

1  (  72    TO 

77  ) 

2 

1.440? 

.005? 

410.584 

.004 

1.404 

1.334 

-.01? 

77.3? 

24.31 

.932 

NO 

T 

m 

1.4411 

.9040 

414.745 

.005 

.253 

.23? 

-.014 

134.48 

138.82 

.942 

NO 

4 

1.3411 

.003? 

817.413 

.010 

2.448 

2.553 

-.040 

40.70 

59.58 

1.043 

YES 

s 

1.4412 

.0058 

1020.237 

.024 

1.3?3 

1.531 

.008 

44.23 

44.91 

1.097 

YES 

4 

1.4412 

.0058 

1222.41? 

.085 

.733 

.845 

.002 

54.1? 

45.35 

1.152 

YES 

7 

1.4414 

.0057 

1424.457 

.1?5 

2.052 

2.504 

.020 

33.14 

40.53 

1.220 

YES 
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RUN  I     14 

DATA  REDUCTION 


E/E     (  20    10 

23  1 

* 

* 

T/EA  (  56    TO 

61  ) 

T/n 

1  64    TO    6? 

) 

T 

r 

F 

r 

STr 

STu 

uj  -  Ub 

S(A) 

513) 

STu/STr 

>1 

1V0 

"9 

*"9 

NODE         IK) 

(K> 

(Hi) 

(Hz) 

lull 

(bX) 

(idCI 

(V/K) 

(V/K) 

2         1.4407 

.0058 

410.585 

.003 

1.408 

1.331 

-J>10 

77.16 

24.38 

.945 

NO 

3         1.4408 

.0058 

614.747 

.006 

.253 

.237 

-.012 

136.89 

188.52 

.938 

NO 

4       •  1.440* 

.0057 

817.616 

.005 

2.438 

2.527 

.012 

60.95 

59.33 

1.037 

YES 

5         1.4410 

.0057 

1020.240 

.022 

1.513 

1.530 

.008 

46.20 

64.94 

1.097 

YES 

4         1.6411 

.0057 

1222.623 

.090 

.734 

.846 

.000 

'54.16 

65. 33 

1.153 

YES 

7         1.4412 

.0056 

1426.458 

.197 

2.052 

L507 

.015 

13.13 

40.59 

1.221 

YES 
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DUN  I     IS 
DATA  REDUCTION 


E/E 

13    TO 

18  I 

T/EA  ( 

45    TO 

50  ) 

T/EJ 

1  5?    TO    64  ) 

T 

r 

F 

r 

STr 

STu 

Ut  -  Uk 

3(A) 

5(8) 

•STu/STr 

)1 

it? 

ir, 

»*? 

RODE 

IK) 

(K> 

(Hz) 

(Hz) 

tutn 

<uJC) 

(uX) 

IV/K) 

■vii) 

2 

1.5324 

.0034 

405.048 

.152 

1.599 

1.768 

^.017 

59.63 

21.13 

1.106 

YES 

I 

1.5324 

.0036 

404.308 

.242 

1.142 

1.282 

-.005 

124.10 

22.44 

1.123 

YES 

4 

1.5323 

.0038 

806.391 

.360 

.553 

.705 

.055 

78.19 

8.87 

1.276 

YES 

5 

1.5323 

.0038 

1007.033 

.528 

.510 

.480 

.030 

105.56 

S.69 

.941 

NO 

4 

1.5324 

.003? 

1208.020 

.438 

1.56? 

1.645 

.030 

,    41.90 

5.18 

1.048 

YES 

7 

1.5X29 

.0038 

1408.367 

.741 

4.490 

6.115 

.174 

16.'8 

4.94 

1.362 

YES 

T/EA 

(  52    TO 

37  )       T/EJ 

(  63    TO 

70  ) 

2 

1.5327 

.0038 

405.094 

.180 

1.601 

1.784 

-.020 

59.70 

21.23 

1.113 

YES 

3 

1.5327 

.0037 

606.336 

.277 

.27? 

.320 

-.002 

124.97 

22.99 

1.147 

YES 

4 

1.5327 

.0038 

806.677 

.404 

.544 

.693 

.028 

79.37 

9.03 

1.273 

YES 

5 

1.5327 

.0038 

1007.165 

.531 

.107 

.464 

-.011 

10S.20 

5.74 

.913 

NO 

6 

1.5328 

.0038 

1208.170 

.484 

1.567 

1.644 

.031 

41.97 

5.1? 

1.049 

YES 

7 

1.5377 

.003? 

J  40?. 063 

.307 

4.477 

6.117 

.061 

16.52 

4.?3 

1.364 

YES 

E/E 

(  27    TO 

32  ) 

T/EA 

I  »3    TO 

50  )       T/a 

(  3?    TO 

64  ) 

2 

1.5328 

.0036 

403. 094 

.217 

1.780 

1.768 

-.017 

53.53 

18.98 

.993 

NO 

3 

1.5318 

.0027 

(.06.295 

.224 

1.17? 

1.282 

-.005 

120.26 

21.75 

1.088 

YES 

4 

1.5312 

.0022 

806.495 

.231 

.572 

.703 

.035 

75.41 

8.58 

1.234 

YES 

5 

1.5306- 

.0014 

1006.756 

.190 

.360 

.480 

.030 

149.40 

3. 05 

1.332 

YES 

6 

1.5302 

.0007 

1207.623 

.141 

1.208 

1.645 

.330 

54.42 

4.73 

1.342 

YES 

7 

1.329? 

.0001 

1408.177 

.2?4 

3.788 

6.115 

.174 

19.54 

5.84 

1.414 

YES 

E/E 

(  33    TO 

38  ) 

T/EA 

(  52    TO 

57  )        T/EI 

(  65    TO 

70  1 

2 

1.5303 

.0007 

404.963 

.014 

1.704 

1.734 

-.020 

56.06 

19.94 

1.047 

YES 

3 

1.5303 

.0006 

606.222 

.052 

.23? 

.320 

-.002 

122.30 

22.24 

1.10? 

YES 

4 

1.52?? 

.0002 

806.305 

.180 

.578 

.693 

.023 

74.43 

8.51 

1.1?? 

YES 

5 

1.5297 

.0005 

1006.619 

.278 

.336 

.464 

-.011 

150.04 

3.18 

1.305 

YES 

6 

1.52?6 

,   .0006 

1207.538 

.432 

1.201 

1.644 

.031 

54.77 

4.77 

1.34? 

YES 

7 

1.5295 

.0006 

1408.230 

-467 

3.747 

6.117 

.061 

19.74 

S.?2 

1.632 

YES 

E/E 

(  3?    TO 

44  ) 

T/EA 

(  43    TO 

50  )        T/Q 

I  5?    TO 

64  1 

2 

1.5298 

.0008 

404.388 

.073 

1.664 

1.768 

-.017 

57.2? 

20.31 

1.063 

YES 

3 

1.5296 

.0005 

606.060 

.10? 

1.167 

1.232 

-.003 

121.50 

21.97 

1.0?? 

YES 

4 

1.529* 

.0003 

B06.275 

.188 

.547 

.705 

.033 

74.22 

8.63 

1.244 

YES 

5 

1.5294 

.0003 

1006.559 

.224 

.332 

.480 

.030 

133.04 

8.23 

1.343 

YES 

6 

1.5296 

.0002 

1207.516 

.285 

1.1?! 

1.643 

.030 

35.1? 

4.82 

1.381 

YES 

T 

1.3297 

.0003 

1408.192 

.278 

3.742 

6.115 

.174 

19.78 

5.93 

1.434 

YES 
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RUN  I  13 

DATA  REDUCTION 


E/E 

i  n  to 

82  1 

i/a 

(  147    TO 

172  ) 

T/EB  (  159    TO 

144  I 

T 

r 

F 

r 

STr 

STu 

U*  -  Ub 

5(A) 

SIB) 

STu/STr 

>1 

jvq 

IV? 

«»9 

NODE 

in 

(U 

(Hz) 

(Hz) 

(iKl 

<uK) 

(uK! 

(V/K) 

IV/K) 

2 

1.93B5 

.0040 

337.331 

2.175 

1.148 

1.101 

-.041 

58.73 

45.92 

.943 

NO 

3 

1.7535 

.0059 

534.748 

3.591 

.343 

.540 

.019 

158.53 

11.79 

.994 

NO 

4 

1.9583 

.0059 

710.752 

4.703 

.393 

.404 

.004 

218.15 

14.22 

1.027 

YES 

3 

1.9584 

.0058 

887.750 

5.498 

.498 

.508 

.001 

148.44 

24.48 

1.020 

YES 

4 

1.9587 

.0053 

1045.344 

4.894 

.394 

.513 

-.002 

104.30 

9.41 

.841 

NO 

7 

1.9587 

.0057 

1241.989 

8.127 

2.111 

2.444 

-.31 

40.33 

9.13 

1.158 

YES 

7EA 

I  147    TO 

in ) 

T/EB  (139    TO 

144  ) 

2 

1.7388 

.0054 

337.200 

2.m 

1.144 

1.101 

3 

1.9588 

.0053 

534.341 

3.271 

.542 

.340 

4 

1.7589 

.0054 

710.440 

4.271 

.394 

.404 

5 

1.9589 

.0054 

997.333 

5.188 

.495 

.508 

4 

1.7590 

.0034 

1044.930 

4.309 

.393 

.313 

7 

1.7390 

.0053 

1241.313 

7.454 

2.104 

2.444 

041 

5B.94 

44.09 

,019 

158.78 

11. BO 

004 

217.74 

14.19 

.001 

149.44 

24.B5 

002 

104.83 

9.44 

.331 

40.70 

9.18 

.944 

NO 

.994 

NO 

1.023 

YES 

1.027 

YES 

.843 

NO 

1.143 

YES 

E/E  (  94  TO  101  I 

T/EA  (  147  TO  172  )   T/EB  1  159  TO 


144  ) 


2         i.7592 

.0050 

357.008 

1.921 

1.241 

1.101 

-.041 

53.30 

43.24 

.888 

NO 

3         1.9592 

.0049 

534.291 

2.719 

.353 

.540 

.01? 

155.17 

11.34 

.973 

NO 

4         1.7593 

.0047 

710.124 

3.81B 

.394 

.404 

.004 

217.79 

14.20 

1.024 

YES 

5         1.7393 

,  .0048 

384.944 

4.571 

.478 

.508 

.001 

175.44 

23.73 

1.043 

YES 

4         1.9373 

.0049 

1044.449 

5.432 

.474 

.313 

-.002 

133.05 

12.03 

1.077 

YES 

7         1.9594 

.0048 

1240.753 

4.444 

1.824 

2.444 

-.331 

44.89 

13.23 

1.340 

YES 

E/E    1  102    TO 

107  ) 

T/EA  (147    TO 

172  ) 

T/EB  (  15? 

TO    144  ) 

2         1.7594 

.0047 

354.730 

1.811 

1.244 

1.101 

-.041 

55.14 

43.13 

.885 

NO 

3         1.9594 

.0047 

534.180 

2.742 

.351 

.340 

.019 

154.30 

11.42 

.980 

NO 

4         1.9594 

.0047 

709.773 

3.409 

.394 

.404 

.004 

218.74- 

14.24 

1.030 

YES 

5         1.9595 

.0044 

S84.no 

4.317 

.480 

.508 

.001 

175.12 

25.45 

1.04O 

YES 

4         1.7593 

.0044 

1044.231 

3.324 

.473 

.513 

-.002 

133.44 

12.07 

1.080 

YES 

7         1.7595 

.9044 

1240.497 

4.304 

1.81? 

2.444 

-.331 

47.04 

10.42 

1.344 

YES 

E/E    (  78    TO 

B2  ) 

T/EA  I  177    TO 

181  ) 

T/EB  1  132 

TO    154  ) 

1.7585 
1.7534 
1.7584 
1.9537 
1.7587 


.003? 
.003? 
.005? 
.0038 


534.BB4  3.532 

710.702  4.427 

887.738  5.404 

1045.585  4.749 


.0058       1242.2BI        7.940 


.544 
.398 
.49? 
.594 
2.114 


.544 
.409 
.510 

.312 
2.428 


.007 
.004 
.004 
.004 
.345 


154.74 
218.1? 
148.44 
104.43 
40.47 


11.72 
14.21 
24.47 
7.40 
?.17 


1.000 
1.027 
1.023 
.640 
1.14? 


YES 
YES 
YES 
NO 
YES 
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RUN  »  IS 
DATA  REDUCTION 


E/E  (13  TO  18  ) 
T/EA  (  52  TO  57  ) 


T/EB  (  65    TO    70  ) 


T 

r 

F 

r 

STr 

STu 

l)j  -  Ub 

5IA). 

SIB) 

STu/STr 

>1 

avq 

"9 

"9 

BODE 

<K) 

(K) 

IX:) 

(Hz! 

(uX) 

UK) 

(«KJ 

(V/Kl 

(V/K) 

2 

1.5325 

.0035 

405.064 

.140 

J.  605 

1.784 

-.020 

59.52 

21.17 

1.111 

YES 

3 

1.5324 

.0035 

604.344 

.219 

.284 

.320 

-.002 

124.01 

22.44 

1.120 

YES 

4 

1.5324 

.0034 

804.630 

.342 

.553 

.493 

.028 

78.01 

3.89 

1.233 

YES 

5 

1.5324 

.0034 

1007.108 

.474 

.508 

.444 

-.011 

104.94 

5.72 

.913 

NO 

6 

1.5327 

.0037 

1208.101 

.389 

1.570 

1.444 

.031 

41.90 

5.18 

1.047 

YES 

7 

1.5324 

.0037 

1408.982 

.4V8 

4.484 

4.117 

.041 

14.48 

4.94 

1.343 

YES 

E/E 

(  27    TO 

32  ) 

T/EA 

I  52    TO 

57  )        T/O 

(  39    TO 

44  ) 

2 

1.533 

.0039 

403.097 

.215 

1.7B2 

1.774 

-.003 

53.41 

18.94 

.994 

HO 

3 

1.5318 

.0028 

404.307 

.214 

.293 

.321 

-.003 

120.-17 

21.74 

1.084 

YES 

4 

1.5313 

.0022 

304.502 

.222 

.371 

.493 

.029 

73.34 

3.58 

1.213 

YES 

5 

1.5307 

.0014 

1004.799 

.130 

.359 

.442 

-.007 

148.71 

8.09 

1.237 

YES 

i 

1.5303 

.0004 

1207.649 

.143 

1.208 

1.445 

.029 

54.43 

4.73 

1.341 

YES 

7 

1.5299 

.0000 

1408.212 

.292 

3.737 

6.038 

.118 

19.53 

5.84 

1.403 

YES 

E/E 

(  33    TO 

38  ) 

T/EA 

(  45    TO 

50  1        T/O 

i  65    TO 

70  1 

1.5308 
1.5304 
1.5299 
1.5294 
1.5293 
1.5294 


.0004 
.0004 
.0002 
.0005 
.0004 
.0004 


404.943 
404.210 
804.298 
1004.574 
1207.513 
MOB.  194 


.014 
.047 
.183 
.284 
.423 
.449 


1.703 
1.153 
.579 
.157 
1.201 
3.748 


1.777 
1.231 
.704 
.482 
1.444 
6.144 


034 

54.00 

19.96 

.003 

122.39 

22.22 

034 

74.47 

3.50 

,026 

150.73 

8.14 

,032 

54.74 

4.77* 

.114 

19.75 

5.72 

1.044 

YES 

1.111 

YES 

1.220 

YES 

1.350 

YES 

1.369 

YES 

1.439 

YES 

E/E     (  39    TO 
T/EA  I  52    TO 


44  ) 

57  ) 


T/EB  I  59  TO  44  ) 


1.5295 
1.5295 
1.5295 
1.5295 
1.5297 
1.5298 


.0004  404.390 

.0004  404.072 

.0003  804.233 

.0004  1004.402 

Ma  1207.542 

.0003  1408.227 


.077 
.117 
.189 
.219 

.298 
.274 


1.444 
.292 
.547 
.330 
1.191 
3.740 


1.774 
.321 
.493 
.442 
1.445 
4.088 


003 

57.34 

20.28 

,003 

121.41 

21.99 

029 

74.17 

8.45 

,007 

152.33 

8.29 

,029 

53.20 

4.32 

,118 

19.77 

5.93 

1.044 

YES 

1.097 

YES 

1.222 

YES 

1.319 

YES 

1.380 

YES 

1.628 

YES 

15-2 


RUN  »     15 
DATS  REDUCII3W 


E/E 

(  85    TO 

89  ) 

T/EA 

1  177    TO 

181 

) 

T/EB  1  152    TO 

154  ) 

- 

T 

r 

F 

r 

STr 

STu 

\i*  -  Ub 

SIAh 

S(I) 

STu/STr 

>1 

*»? 

1*| 

"9 

RODE 

IX) 

IX) 

IHl) 

(HzJ 

<uX) 

(uX) 

(uX) 

(V/X) 

(V/X) 

3 

1.9588 

0055 

534. 6M 

3.215 

.545 

.544 

-.007 

157.01 

11.94 

1.002 

YES 

4 

1.9390 

.0054 

710.609 

4.217 

.399 

.409 

-.004 

217.79 

14.18 

1.025 

YES 

S 

1.9590 

.0054 

337.576 

5.097 

.495 

.510 

.004 

149.47 

24.85 

1.030 

*ES 

4 

1.9590 

.0054 

1043.149 

4.184 

.593 

.512 

-.004 

106.96 

9.4S 

.844 

NO 

7 

1.9590 

.0053 

1241.304 

7.292 

2.104 

2.428 

-.345 

40.41 

9.20 

1.153 

YES 

T/EA 

(  177    TO 

181  ) 

T/EJ  I  152 

TO 

154  ) 

3 

1.9592 

.0049 

534.410 

2.844 

.558 

.544 

-.007 

153.44 

11.47 

.97? 

NO 

4 

1.9593 

.0049 

710.274 

3.748 

.398 

.409 

-.004 

218.02 

14.20 

1.026 

YES 

5 

1.9594 

.0049 

887.152 

4.504 

.478 

.510 

.004 

175'.  64 

25.73 

1.066 

YES 

4 

1.9594 

.0049 

1044.438 

5.514 

.474 

.512 

-.004 

133.21 

12.02 

1.076 

YES 

7 

1.9594 

.0048 

1241.244 

6.503 

1.828 

2.428 

-.345 

44.80 

10.41 

1.328 

YES 

E/E 
T/EA 

(  103    TO 

(  177    TO 

107  ) 
181  ) 

T/O  I  152 

TO 

156  I 

3 

1.9594 

.0047 

534.298 

2.711 

.554 

.544 

-.007 

154.54 

11.75 

.984 

NO 

4 

1.9595 

.0047 

710.125 

3.541 

.397 

.409 

-.004 

218.30 

14.24 

1.030 

YES 

5 

1.9595 

.0047 

884.958 

4.233 

.480 

.510 

.004 

175.12 

23.45 

1.043 

YES 

4 

1.9594 

.0044 

1044.470 

5.209 

.475 

.512 

-.004 

133.39 

12.05 

1.079 

YES 

7 

1.9594 

.   .0044 

1240.990 

4.149 

1.821 

2.42B 

-.365 

44.94 

10.64 

1.333 

YES 

E/E 

I  94    TO 

97  ) 

T/EA 

(  175    TO 

176  ) 

T/EB  (  159 

*0 

140  ) 

1.9592 
1.9392 


.0050 
.0049 


354.984 
534.254 


1.941 
2.948 


1.247 

.553 


1.111 
.534 


.022 
.010 


55.58 

154.44 


43.02 
11.57 


.391 
.949 


IU 

I  173    TO 

176  )       T/E3  1  159    TO    140  ) 

2 

1.9583 

Zoom      357. 306     2.395 

1.174 

1.111 

-.022 

59.03 

45.49 

.947 

XO 

3 

1.9383 

.0039         534.732       3.419 

.541 

.534 

.010 

157.9? 

11.83 

.990 

KO 

IU 

I  175    TO 

174  )        T/EB  (  159    TO    140  1 

2 

1.93B8 

.0034        337.174       2.211 

1.170 

1.111 

-.022 

59.24 

45.86 

.950 

KO 

3 

1.9388 

.0035         534.504       3.300 

.541 

.534 

.010 

158.24 

11.84 

.991 

HO 
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RUM  I     15 

DATA  REDUCTIOH 


lit 

(  20    TO 

3  ) 

I/EA 

(  43    TO 

50  > 

T/EB 

1  45    TO 

70) 

T 

r 

F 

r 

STr    - 

STu 

Ua  -  Ub 

S(A) 

Sll) 

STu/STr 

>1 

i»<j 

i»q 

iv9 

MDE 

(K> 

IX) 

lib) 

(Hz) 

luK) 

luK) 

InK) 

(V/K)' 

IV/Kl 

2 

1.5330 

.0035 

405.091 

.182 

1.5?? 

1.777 

-.034 

59.43 

21.24 

1.111 

YES 

3 

1.532B 

.0037 

404.374 

.287 

1.114 

1.231 

-.003 

127.04 

22.98 

1.149 

YES 

4 

1.5324 

.0038 

904.44? 

.412 

.544 

.704 

.054 

79.42 

9.04 

1.298 

YES 

s 

1.5324 

.003? 

1007.123 

.5?5 

.510 

.482 

.024 

105.4? 

5.71 

.944 

NO 

i 

1.5324 

.003? 

1208.145 

.50? 

1.547 

1.444 

.032 

41.94 

5.1? 

1.049 

YES 

7 

1.5324 

.003? 

140?. 028 

.843 

4.47B 

4.144 

.114 

U.53 

4.95 

1.372 

YES 

r/a 

1  52    TO 

57  )       T/O 

(  45    TO 

70  1 

2 

1.5327 

.0038 

403.112 

.203 

1.787 

1.784 

-.020 

33.44 

19.01 

.?99 

KO 

3 

1.5320 

.0024 

404.331 

.201 

.293 

.320 

-.002 

120.18 

21.74 

1.083 

YES 

4 

1.5313 

.0020 

804.534 

.21? 

.572 

.493 

.028 

75.43 

8.40 

1.212 

YES 

5 

1.530? 

.0013 

1004.831 

.133 

.339 

-.444 

-.011 

149.55 

8.10 

1.292 

YES 

4 

1.5304 

.0005 

1207.705 

.20? 

1.20? 

1.444 

.031 

34.42 

4.73 

1.340 

YES 

7 

1.529? 

0.0000 

1408.293 

.393 

3.785 

4.117 

.041 

1?.54 

5.84 

1.414 

YES 

E/E    I  3?    TO 

44  ) 

T/EA  1  43    TO 

50  1        T/E3 

I  43    TO 

70  ) 

2         1.329? 

.0008 

404.903 

.087 

1.449 

1.777 

-.034 

57.13 

20.34 

1.043 

YES 

3         1.5299 

.0004 

404. 085 

.132 

1.147 

1.281 

-.003 

121.50 

21.97 

1.0?8 

YES 

4         1.5294 

.0005 

804.257 

.228 

.548 

.704 

.034 

74.0? 

8.44 

1.243 

YES 

5         1.5294 

.0004 

1004.592 

.248 

.332 

.482 

.024 

152.87 

8.24 

1.34? 

YES 

4         1.5297 

..0003 

1207.572 

.344 

1.191 

1.444 

.032 

55.1? 

4.82 

1.380 

YES 

7         1.5297 

.0002 

1408.273 

.387 

3.741 

4.144 

.114 

1?.7? 

5.?3 

1.443 

YES 
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